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HETEROARYLHYDROXYPYRIMIDINONES AS AGONISTS OF THE APJ
RECEPTOR

CROSS REFERENCE TO RELATED APPLICATIONS
5 This application 1s entitled to priority pursuant to 35 U.S.C. §119(e)to US.
provisional patent application Na. 62/267 997, filed Decomber 16, 2015, which is

meorporated herein in s entirety.

FIELD OF THE INVENTION

10 The present mvention provides substituted heteroarvthydroxypyrimidinones, and
their analogues thereof, which are APJ agonists, composttions containing them, and
methods of asing them, for example, for the treatment or prophylaxis of heart failure,

atherosclerosis, 1schemic heart discase and related conditions.

15 BACKGROUND OF THE INVENTION
Heart failure (HF) and related complications constitute major health burden in
developed countries with an estimated prevalence of 5,700,000 in the United States alone
{Roger, V.L. et al., Circulation, 125(1):¢2-¢220 {2012)). Despite considerable advances
i recent two decades, the prognosis remains very poor, with survival rates of only ~50%
20 within S-years of diagnosis (Roger, V.L. et al., JAMA 292{3):344-350 (2004)}. In
addition to poor survival, the impaired quality of life and recurrent hospitalizations
constitute clear unmet medical need for development of novel treatment options.
HF ig a clinical syndrome characterized by the inability of the heart to deliver
sufficient supply of blood and oxygen to meet the metabolic demands of organs in the
25 body. Mam symptoms associated with HF mclude shortness of breath due to pulmonary
cdema, fatigue, reduced tolerance to exercise and lower extremity edemas. The eticlogy
of HF is highly complex with multiple associated risk factors and potential causes.
Among the leading causes of HF are coronary artery discase and cardiac ischenua,
acute myocardial infarction, intrinsic cardiomyopathies and chronic uncontrolled
30 hypertension. HF can develop either acutely (functional impairment post myocardial
mfarction} or as a chronic condition, characterized by long-term maladaptive cardiac
tissuc remodeling, hypertrophy and cardiac dysfunction (for example due to uncontrolied
long-term hypertension). According to the diagnostic criteria and type of ventricular

dysfunction, HF is classified to two major groups, HF with "redaced ejection fraction”
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{(HFrEF) or HF with "preserved gjection fraction” (HFpEF). Both types are associated
with similar signs and symptoms, but differ in the type of ventrcular functional
impairment (Borlaug, B A ctal., Fur. Heart J., 32(63:670-679 (2011)).

API receptor (APLNR) and its endogenous peptidic higand apelin have been
tmplicated as important modalators of cardiovascular function and candidates for
therapeutic intervention in HF {for review see Japp, A.G. et al, Biochem. Pharmacol. |
T5(10):1882-1892 (2008)).

Accumulated evidence from preclinical disease models and human heart failure
patients have implicated apelin and APJ agonism as beneficial in the setting of HE. Mice
lacking Apelin or APJ gene have impaired myocyie contractility (Charo, D.N. et al, Am.
J. Physiol. Heart Cire. Physiol., 297(5yH1904-H1913 (2009)). Apelin knockout (KO)
mice develop progressive cardiac dysfunction with aging and are more susceptible to HF
in the model of trans-aortic constriction {(TAC) (Kuba, K. etal., Cire. Res. 101(4):¢32-42
{2007} The functional impatrment in chromic HF 1s a result of prolonged demand on the
heart and 1s associated with maladaptive cardiac remodeling, manifested by the cardiac
hypertrophy, increased mflammation and interstitial fibrosis which eventually lead to
decrease in cardiac performance.

Acute adnmumistration of apelin increases cardiac output in rodents under normal
conditions and also m models of heart fathure (Berry, M.F ., Circudation, 110(11 Seppl.
13IE87-5193 (2004)). Increased cardiac output is a result of direct augmentation of
cardiac contractility and reduced peripheral vascular resistance in the artenal and venous
beds (Ashley, E.A., Cardiovasc. Res., 65(1):73-82 {(2005}}. Reduction n the vascular
resistance leads to lower pre-load and after-load on the heart and thus lesser work load
{Cheng, X etal, fur J FPharmaco! |, 4703y 171-175 (2003}). Similar to rodent studies,
acute infusion of apelin to healthy human subjects and patients with heart fatlure
produces similar hemodynamic responses with mmcreased cardiac output and mereased
vasodilatory response in peripheral and coronary arteries (Japp, A.G. et al,, Circulation,
121{16):1818-1827 (20103}

The mechanisms underlying inotropic action of apehin are not well understood, but
appear to be distinct from clinically used §;-adrenergic agonists (dobutamine) due to lack
of increase in heart rate. The vasodilatory action of apelm 1s pnmarily mediated via

endothelial nitric oxide synthase pathways (Tatemoto, K., Regul Pept. 99(2-3}:87-92

{2001)). Apelin is induced under hypoxic conditions, promotes angiogenesis and has been

b
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shown to limit the intarct size n ischemia-reperfusion models (Simpkin, J.C., Basic Res.
Cardiol., 102{6).518-528 (2007}).

In addition to aforementioned studies evaluating acute admumistration of apelin,
several studies have clearlv demonstrated beneficial eftects of prolonged administration
of apelin in a number of chronic rodent models of HF, mcluding the angiotensin H model,
TAC model and rat Dahl sali-sensitive model (Siddigquee, K et al | /. Hyperiens.,
29(4):724-731 (2011); Scimia, M.C. et al, Narure, 488(74111:394-398 (2012}, Koguchi,
W.etal, Cire. J, T6{1):137-144 (2012}). In these studics, prolonged apelin mfusion
reduced cardiac hvpertrophy and cardiac fibrosis, and was assoctated with improvement
in cardiac performance.

Genetic cvidence 1s also emerging that polymorphisms in the APJ gene are
assoctated with slower progression of HF (Sarzani, R et al . J Card. Fail ) 13(7).521-529
2007y, Importantly, while expression of APJ and apelin can be reduced or vary
considerably with HF progression, the cardiovascular hemodynanuc effects of apelin are
sustained 10 patients with developed HF and receiving standard of care therapy (Japp,
A.G. etal, Circulation, 121(16}:1818-1827 (2010}).

In surnmary, there is a significant amount of evidence to indicate that APJ
receptor agonism plavs a cardioprotective role in HF and would be of potential benefit to
HF patients. Apchin's very short half Life m circulation limits its therapeutic utility, and
conscquently, there is a need for AP receptor agonists with improved pharmacokinetic
and signaling profile while maintaining or cnhancing the beneficial effects of endogenous

APJ agonist apelin.

SUMMARY OF THE INVENTION

The present invention provides substituted heteroarvibydroxypvrimidinones, and
thewr analogues thereof, which are useful as APJ agonists, including stereoisomers,
tavtomers, pharmaceutically acceptable salts, or solvates thereof.

The present invention also provides processes and intermediates for making the
compounds of the present invention or stercoisomers, tautomers, pharmaceutically
acceptable salts, or solvates thereof,

The present invention also provides pharmaceutical compositions comprising a
pharmaceutically acceptable carrier and at least one of the compounds of the present
mvention or stereoisomers, tautomers, pharmaceutically acceptable salis, or solvates

thereof.

4l
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The compounds of the imvention may be used in the treatment and/or prophyviaxis
of muhtiple diseases or disorders associated with AP, such as heart failure, coronary
artery discase, cardicmyopathy, diabetes and related conditions including but not limited
to acute coronary syndrome, myocardial ischemia, hypertension, pulmonary hypertension,

5 coronary vasospasm, cerchral vasospasm, ischenna/reperfusion injury, angina, renal
disease, metabolic syadrome and msulin resistance.

The compounds of the invention may be used in therapy.

The compounds of the invention may be used for the manufacture of a
medicament for the treatment and/or prophylaxis of multiple diseases or disorders

10 associated with APJ.
The compounds of the invention can be used alone, in combination with other
compoands of the present invention, or in combination with one or more other agent(s).
Other features and advantages of the invention will be apparent from the

following detailed description and claims.

DETAILED DESCRIPTION OF THE INVENTION
L COMPOUNDS OF THE INVENTION
In a first aspect, the present disclosure provides, inter alia, a compound of

Formula (I}

R2 l}l OH
(alk)p.2

G (R")1.4
20 h

or a sterenisomer, an cnantiomer, a diastereoisomer, a tautomer, a pharmaceutically
acceptable salt, or a solvate thereof, wherein:
alk is Ci6 alkyl substituted with 1-3 R,

ring A is independently selected from
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R3 R3 R3 RS R3
o~ z’“\;\ = N C‘f s—
"LL’\N/ N "LL'\N R3 l'z’L,\N 0 "LL’\N NG = "LL, N uLL’\N, N
i (R4 . (Ro)15

ring B is independently selected from Cs.6 cycloalkyl, Css cyvcloalkenvi, arvl, bicvelic

carbocyclyl, and 6-membered heteroaryl;

(9]

R1 is independently selected from H, halogen, NO2, -(CH2).ORP,
(CH2S{O)R., -(CHWCEOIRY, (CH 3 NRR?, -(CHWON, «(CH2)WC=0)NRR?
, {(CH3oNRAC(=O)RY, (CH)NRA*C(=OINRIRY, -(CH ) NR*CEOYORE, (CHo)y
OCEOINRIR?, (CHDCEO0RY, ~(CH)S(O)NRIR?, (CHL 3 NRIS(O)pNRR?,
S CH2)uNRAS{O)RE, C1-4 alkyl substituted with 0-3 R®, ({CH2}a-Cs-6 carbocyelyl
10 sabstitited with 0-3 R, and -(CHa)p-heterocyclyl substituted with 0-3 RS
RZ is independently selected from Cios atky! substituted with 0-3 R% Cu.s atkenyl
substituted with 0-3 R, aryl substituted with 0-3 R, heterocyelvl substituted with
0-3 R®, and Cs.6 cycloalkyl substituted with 0-3 R®; provided when R? 15 C1s
alkyl, the carbon atom and the groups attached thereto except the one attached to
I5 the pyrinudine ring may be replaced by O, N, and S;
R3 is independently selected from
(1} {(CRIRHLC(=0Y0C 14 alkyl substituted with 0-5 R®,
(2) -(CRIRHNRR?,
(3) {CRIRHC(=O)NRR?,
20 (4) (CRIRMNR*C(=0) Crealkyl substituted with 0-5 R®,
(5) (CRRHNRACEHEONTRR 1,0C1aalkyi substituted with 0-5 R®
{6y (CRIRH-RE,
(73 {CR*RY:- OR5, and
(&) (CRIRHNR*CEOHCRR R,
25 R4 is, independently at each occurrence, selected from H, halogen, NRR?, (0Cq 4 alkyl,
and Cy 4 alkyl; or R* and R* together with the carbon atom to which they are both

attached form Cs.s cycloalkyl substituted with 0-5 R®;

LA
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R3 is independently at cach occurrence, selected from -(CH2)a-Cy_ g carbocycle
and ~{CH2)n-heterocyele, each substituted with 0-3 RS;

RS is independently selected from H, balogen, =0, ~(CH2).0R?,

(CH2)S(O)R., «(CH2)WCEOIRS, (CH)uNRAR?, -(CHoWCN, (CH2)CEOINRAR?
. A CH)NRAC(EOIRE, -(CH)WNRAC(=0INRR?, (CH2)uNRAC(=0YOR®, -(CHo b
OCEMNRRY, (CH2)C=0)0RY, -(CH23aS(O)NRIR?, -(CH2)uNRIS(O)pNRRE,
- CH2)uNR*S(O )R, Cy 5 alkyl substituted with 0-3 R®, (CHa}e-Caoe carbocyelyl
substituted with 0-3 R®, and ~{CHze-heterocyclvi substituted with 0-3 Re;

R7 is independently selected from H, Cy_5 alkyl substituted with 0-3 R, (CH2)u-Cs
carbocyclyl substituted with 0-3 R, and -(CHa)n-heterocycly! substituted with 0-3
R

R, at each occurrence, 1 independently selected from H, Cis alkyl substituted with 0-5
R®, Cos alkenyl substituted with 0-3 Re, Ci alkynyl substituted with 0-5
R, «(CH2u~-Ca-1ocarboeyelyl substituted with 0-5 R, and -(CHaw-heterocyclyi
substituted with 0-5 R or R? and R® together with the nitrogen atom to which
they are both attached form a heterocyclic ring substituted with 0-5 R®;

RY at each occurrence, is independently selected from H, Cis alkyl substituted with 0-3
Re, Crs alkenyl substituted with 0-5 R®, Cae alkynyl substituted with 0-3
R®, -{CHz}e-Cs-10carbocyelyl substituted with 0-5 R®, and -(CHajw-heterocyelyl
substituted with 0-5 R¢;

R®, at each occurrence, is independently selected from Cis alkyl substituted with 0-5 R®,
Cosalkenyl substituted with 0-5 R®, Cocalkynyl substituted with 0-5 Re,
Cascarbocyelyl, and heterocycelyl;

RY. at each occurrence, is independently selected from H and Ciualkvl substituted with
(-5 R

R®, at each occurrence, is independently selected from Crs alkyl substituted with 0-5 Ry,
Ca alkenyl, Cue alkynyl, {CH2jn-Cs.6 cycloalkyl, (CH2)a-Caoe
heterocyelvl, (CHan-arvl, (CHo)ow-heteroaryl, F, Cl, Br, CN, NQg, =0,

COH, -(CH23ORy, S(O3pRL C(=OWWRRE, NRICEOIRY, S(O)NRR,
NRIS(O )R, NRIC(=0YOR!, OCHEONRIR! and ~(CH)oNRIRT,
RE, at each occwrence, is independently selected from H, F, C1, Br, CN, OH, Ci.salkyl

(optionally substituted with halogen and OFH), Cis cvcloalkyl, and phenvl, or RY

PCT/US2016/066750
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and R together with the nitrogen atom to which they are both attached form a
heterooyclic ring optionally substituted with Craalkyl;

n is independently selected from zevo, 1, 2, and 3;

r is independently selected from | and 2; and

5 p,at each occurrence, is independently selected from zero, |, and 2.

In a second aspect, the present disclosure provides a compound of Formula (1)

RS
0 O‘\<
~ N
N N
J
R? N OH
|
(CHR" g4

9 (R4
(i

or a stercoisomer, an cnantiomer, a diastereoisomer, a tautomer, a
10 phammaceutically accepiable salt, or a solvate thercof, within the scope of the furst aspect,
wherein:

ring B is independently selected from

A FAYAYS FaVa¥ol PaVa¥s AN 1
(R"14 (R")14 (R4
SOV
— (R")14 >Ry
B - = ) / , . jand
(R4

Z \{

> N

15 Rlis independenily selected from M, F, C1, Br |
NGOz, (CH2)WOR?, (CH)CEOIRD, (CHR)NRIRY, (CH2WUN, -(CH2C(=OINR
aR2 -{CH2)NR2C(=0)R", C1.4 alkyl substituted with 0-3 R® and Cs. cycloalkyl
substituted with (-3 R*;

R? is independently selected from Cus alkyl substituted with 0-3 R®;, Ca.s alkenyl, arvl

20 substituted with 0-3 R®, heterocyclyl substituted with 0-3 R, and Cs5 eycloalkyh;
provided when B2 is C1s alkyl, the carbon atom and the groups attached thereto
except the one attached to the pyvnmidine ring may be replaced by O, N, and §;

RY is independently selected from
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(1} (CRIRHC(=0)Y0C 114 alkyl substituted with 0-5 R,

(2) -(CRIRHNRR?,

(3) -(CRIRHLC(=OINRR?,

(4) (CRIRMNR*C(=0) Crealkyl substituted with 0-5 R®,

(5) (CRIRHNRCEOH TR RYOC 1qalkyl substituted with 0-5 RE,
(6) (CRIRY-R>,

(7} (CR*R%- OR>, and

(8) {CRIRHNRCEOHCRIR MR,

R* is, independently at each occurrence, selected from H, F, Cl, NR*R?, OC 4 alkyl, and
Cy4 alkyl or R* and R* together with the carbon atom to which they are both
attached form Cs.s cycloalkyl substituted with 0-5 R®;

R3 is independently at each occurrence, selected from «(CH2)p-arvl, (CH2)-Cy ¢
cycloatkyl and -(CHahe-heterocycle, each substituted with 0-3 RS;

RO is independently selected from H, F, 1, Br, -ORY,
=0, (CH)C(=OR, (CH)WC(=0)ORY, -(CH2)NRR?,

CN, -(CH2C(=0)NR*R2, €y 4 alkyl substituted with 0-3 R®, (CH2)e-Cas
carbocyclyl substituted with 0-3 R®, and -{CHajw-heterocyclyl substituted with 0-3
RE

R, at each occurrence, 1s mdependently selected from H, Cis alkvl substituted with 0-3
Re, {{CHon-Cs-1ocarbocvelyl substituted with 0-5 R, and (CHzje-heterocvelyl
substituted with 0-3 R®; or R* and R® together with the nitrogen atom to which
they are both attached form a heterocyelic ring substituted with 0-35 R,

R®, at cach occurrence, is independently selected from H, Cis alky! substituted with 0-3
RE, Cos alkenyl substituted with 0-53 R®, Crs alkyny] substituted with (-5
RE, «{CH2)n-Cs-ncarbocvelvl substituted with 0-5 R®, and ~(CHa)n-beterocyelyl
substituted with (-5 R*;

R®, at each occurrence, is independently selected from Cis alkyl substituted with 0-5 Ry,
Cas alkenvl, Cas alkyayl, -{(CHojo-Cs.6 cycloalkyl, {(CHa)n-Cae
heterocyelvl, (CHaj-arvl, {(CHzjn-heteroarvl, F, Cl, Br, CN, NGy, =0,

COH, -(CH2ORs, S(O)RY, C=OINRRE NRICEOIR!, S{O)pNRR,
NRIS(ORE, NRIC(=0)0R!, OC(=0NRR! and -(CH2 ) NRIRE

Rf, at each occowrrence, is independently selected from H, F, Ci, Br, CN, OH, Cusalkyl

{optionally substituted with halogen and OH), Cis cveloalkyl, and phenyl;

8



WO 2017/106396 PCT/US2016/066750

n is independently selected from zero, 1, 2, and 3,
i is independently selected from 1 and 2; and

p. at cach occurrence, is independently selected from zero, 1, and 2.

5 Int a third aspect, the present disclosure provides a compound of Formuda (IH}:

(R")o.1 (i
or a stereoisomer, an enantiomer, a diastercoisomer, a tautomer, a
pharmaceutically aceeptable salt, or a solvate thereof, within the scope of the first or
secongd aspect, wherein:
10 R!is independently selected from H, ¥, CL, Br, OR?, CN, Ci4 alkyl, and Cs.ecycloalkyl;

Rla s independently selected from F, Cl, and C1-2 atkvl;

RZ is independently selected from Cy_s alkyl optionally substituted with halogen and Cs-
scvcloalkvl, Cy s alkenyl, phenyl substituted with 0-3 R®, 6-membered heteroaryl
substituted with 0-3 R, (5 ¢ cycloaltkyl, (CH240C1atkyl, and -(CH2}150-

I5 cycloalkyl;

R? is independently selected from

(1} {(CRIRHLC(=0Y0C 14 alkyl substituted with 0-5 R®,
(2) -(CRIRHNRR?,
(3) -(CRIRHLC(=OINRR?,

20 (4) (CRIRMNR*C(=0) Crealkyl substituted with 0-5 R®,
(5) (CRIRHNRCEOH TR RYOC 1qalkyl substituted with 0-5 RE,
(6) (CRIRY-R>,
(73 {CR*RY:- OR5, and
(&) {CRIRHNR]CEOHCRIR R,
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R4 s, independently at each occurrence, selected from H, F, CI, NR°R?, OC_4 alkvl, and
Cy.4 alkyl; or R* and R* together with the carbon atom to which they are both
attached form Cs.s cycloalkyl substituted with 0-5 RS

R3 is independently at each occurrence, selected from «{(CHon-arvl, (CH2)w-Cy ¢
cycloalkyl and -{CHz)e-heterocyele, cach substituted with 0-3 RY;

RO is independently selected from H, F, I, Br, -OR®,
=0, (CH)CEOIRY, (CHCECIORY, (CH)uNRAR?,

ON, {CH2pCE=OINRPR?, €y alkyl substituted with 0-3 R®, {(CH2}e-Cios
carbocvelyl substituted with 0-3 R, and - CHajr-heterocyelvl substituted with 0-3
RE

R2, at cach occurrence, is ndependently sclected from H, Cie alkyl substituted with 0-5
RE, ~(CH2)a-Cs-1ocarbocyelvl substituted with 0-5 R®, and ~(CHaj-heterocyelvl
substituted with -3 R or R* and R? together with the nitrogen atom to which
they are both attached form a heterocyclic ring substituted with 0-5 R®;

R, at each occurrence, is independently selected from H, Cis alky! substituted with 0-3
RE, Coe alkenyl substituted with 0-53 R®, Ca alkyny] substituted with (-5
RE, (CHo)s-Cs-ocarbooyelyl substituted with 0-5 R, and -(CHa)s-heterocyclyl
substituted with -5 R®;

R®, at each occurrence, is independently selected from Cie alkyl {optionally substituted
with F and Cl}, OH, OCHs, OCFz, -(CH2)u-Cas eycloalkyvl, «(CHzpn-Cas
heterocyelyl, {(CHaju-arvl, {CHzbo-heteroaryl, F, CL Br, UN, NO», =0, COH;

r 15 independently selected from 1 and Z; and

n is independently selecied from zero, 1, 2, and 3.

in a fourth aspect, the present disclosure provides a compound of Formula (1), or

a stereoisomer, an enantiomer, a diastereoisomer,a tautomer, a pharmaceutically

acceptable salt, or a solvate thereof, within the scope of any of the first, second and third

aspects, wherein:

R1is independently selected from F, CL Br, OH, OC1.4 alkyl, OCs.scveloalkyl, N, Cia
alkyl, and Cs.scveloalkyl;

R? is independently selected from -CHCHoCH:CHs, -CHLCHCH(CH: ),
CHCHCHRCFs, -CHo-cyclopropyl, ~-CH2CHz-cyclopropyl, CHaCHoCH=CHs,
phenyi {optionally substituted with F), pyridyl {(optionally substituted with Cy.

10
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ralkvl), Cq 5 cveloalkyl, CHO(CH2)1-3CHs, CHoOCH{CHay, and CHO-
cyclopropyvi;
RY is independently selected from
{1y -CR*R*R® and
(2) -CRIR-NRAC(=OHCRAR R,
R4 is, independently at each occurrence, selected from H, F, C1, N(CH:)2, OCH;, and
CHj; or R* and R* together with the carbon atom to which they are both attached
form cyclopropyl;

R3 is independently at each occurrence, selected from

(R%03 (R%03 /(R6)0.3 /(R6)o-3 /_\/(Re)o-s
{ 73R
0 < KO %—\_,N
®os @ 5 S
LN 5L 5\\\/\4
) SR e J
N , N , s
R6a
(R%02 (R Yo-2 ®)o2
S N S
SO J P, j 555\8\ _555\<\
N—O

S
R6 N N
555 \<\ SSS\<\N/A SSS\<\N "/‘ \b T (R%2 \% (R%0-

RO is independently selected from H, F, Cl, Br, -OCH;, -OCF;, =0, CN, CHs, CFs -
(CHa)parvl, {CH2)o-(.6 cycloalkyl substituted with 0-3 RS,
and ~{CHzw-heterocvelyl substituted with 0-3 R¥;

11
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R6a is independently selected from H, CHa, ary] substituted with 0-3 R, and heterocyelyl
substituted with -3 RS,

R, at each occurrence, 1 independently selected from H, Cis alkyl substituted with 0-5
RE, (CH2w-Cs-10carbocyelyl substituted with 0-5 R, and -{CHajw-heterocyclyl

5 substituted with 0-5 R7;

R®, at each occurrence, is independently selected from Crs alkyl (optionally substituted
with F and Cl}, OH, OCH;s, OCF;, {CH2)n-Cs-6 cycloalkyl, {(CH2)n-Cas
heterocvelvl, {(CHalwarvl, «{(CHz)n-heteroaryl, F, Ci, Br, ON, NO», =0, COH:
and

160 nis independently selected from zero, 1, 2, and 3.

In a fifth aspect, the present disclosure provides a compound of Formula (1),
or g stereoisomer, an enantiomer, a diastercoisomer, a tautomer, a pharmaceutically
acceptable salt, or a solvate thereof, within the scope of any of the first, second, third, and
15 fourth aspects, wherein:
R1is independently selected from F, Cl, Br, OH, OCH;, OCD:, OCHCH:, OCH(CH: ),
O-cyclopropyl, CN, and cyclopropyi;
R? is independently selected from ~-CHyCHCHLCH:, -CHRCHOCH(CHs),,
CHzCHCHL(CFs, -CHa-cyclopropyl, ~-CH2CHa~cyclopropyl, CH2CH2CH=CH,,
20 phenyi (optionally substituted with F), pyridvl (optionally substituted with Ci-
aalkyl), eyclopentvl, CH2O{CHz)1.2CHs, CH2OCH{CHsh, and CHaO-cvelopropyl.
R3 is independently selected from
(1} —~CHz-R> and
(2) ~CHz-NR*C(=0)R?;
25 R4 is, independently at each occurrence, selected from H, F, C1, N(CHz)z, OCH:, and
CHy; or R* and R* together with the carbon atom to which they are both attached
form cyclopropyl;

RS is independently at each occurrence, selected from

54
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RS is independently selected from H, F, Cl, Br, -OCH;, -OCF;, =0, CN, CHs, CF;s -
{(CHa)w-aryl, -(CHz)-Cs-s cycloalkyl substituted with 0-3 RS
and ~(CHzn-heterocyelyl substituted with 0-3 R,

R?, at cach occurrence, 1s ndependently selected from H, Ci.e alkyl substituted with 0-5
R, «(CH2u~-Ca-1ocarboeyelyl substituted with 0-5 R, and -(CHaw-heterocyclyi
substitated with 0-5 RS,

R®, at each occurrence, is independently selected from (s alkyl (optionally substituted
with F and Cl), OH, OCH:, OCFs, -(CH2)w-Cs-s cyeloalkyl, -(CHzn-Cas
heterocvelyl, «(CHapw-arvl, «{CHzn-heteroaryl, F, CL, Br, ON, NOy, =0, COH;
and

n is independently seiected from zero, 1, 2, and 3.

In a sixth aspect, the present disclosure provides a compound of Formula (IH), or

a stercoisomer, an cnantiomer, a diastereoisomer, a tautomer, a pharmaceutically

acceptable salt, or a solvate thereof, within the scope of any of the first, second and third

aspects, wherein:

R!is independently selected from F, C1, Br, OH, 0C1-4 alkyl, OCsscycloalkyl, CN, Cra
alkyl, and Cs.scveloalkyl;

R? is independently selected from -CHCHCHRCH;, -CHLCHRCH(CH:)2,
CHCHR CHR CFs, -CHo-cyclopropyl, ~CHRCHz-cvelopropyl, CHaCHCH=CHz,
phenyi {optionally sabstitited with ¥}, pyridyvl {(optionally substituted with Cs.
zalkyl), Cq_5 cveloatkyl, CH2O(CH212CH:, CH2OCH(CHsh, and CH2O-
cyclopropyl;

R3 is independently selected from

{1} {CRIRHNRR? and
(2} (CRIRHC(=0YNRR?,

R4 is, independently at each occurrence, selected from H, F, CI, N(CHz)., OCH;3, and
CHx; or R* and R* together with the carbon atorn to which they are both attached
form Ca.s cycloalkvl substituted with 0-5 RS

R and R® together with the mitrogen atom to which they are both attached form a

heterocyelic ring selected from

13
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(R%)0.3 (R%%s O (R%3 (R%)0.3
/X /K } A
N ) N "0 2N 3-N " N—(R%)
N N
e R
(R®)o-3 { /\N'( Yo-1

O
¢ (R0 I~ e . .
5,\N)\ SN \/,‘,3 SN \/,,O LS AR
. ro9 N® SN
o) (R®)g-1 (R%)o2 ) (R%)o-2 , ’
N N
-’ N _
= \?’I . .
{R%0.2 (F‘“'«e)o-z, =/ Rz =/ R )0_23;md
5’ S
=N
N
//\(Re)o-z)

R®, at each occurrence, is independently selected from Crs alkyl {opticnally substituted
with F and Cl}, OH, OCH;, OCF;, {CHz2)n-Cs cycloalkyl, -(CH2jo-Cas
heterocyelvl, «(CHapn-arvl, «(CHoo-heteroarvl, F, CL, Br, CN, NGOy, =0, CO:H;

r 1s independently selected from 1 and 2; and

n is independently selected from zevo, 1, 2, and 3.

In a seventh aspect, the present disclosure provides a compound of Formula (1H),
of a stereoisomer, an enantiomer, a diastereoisomer, a tautomer, a pharmaceutically
acceptable salt, or a solvate thereof, within the scope of the sixth aspect, wherein:

R1is independently selected from F, CL, Br, OH, OCH:, OCD:, OCHCHs, OCH(CH: 2,

O-cyclopropyl, CN, and cyclopropvl
R2 is independently selected from -CHCH2CHRCH;, -CHCH2CH(CH:)a.

CH2CH2CHLCFs, ~-CHa-cvelopropyl, -CHxCHz-cyclopropyl, CH2CH2CH=CH:,

phenyi {optionally substituted with F), pyndyl {optionally substituted with Ci-

zalkyl), cyclopentyl, CHRO(CH2)15CHs, CHROCH(CH:), and CH:O-cyclopropyl;
R3 is independently selected from

(1) -CH2-NR?R? and

14
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ot
(v

(2) ~-CH2-C(=0)NRR?;

R4 i3, independently at each occarrence, selected from H, F, C1, N(CHz)2, OCH;, and
CHx; or R* and R* together with the carbon atom to which they are both attached
form (s cycloalkyl substituted with 0-3 R®;

R* and R® together with the nitrogen atom to which they are both attached form a
heterocvelic ring selected from

O, (R%3 O (R®)

0-3 O (R0
é-N>_y\o §N® 5’{ N@
/ , — , and ;

R®, at each occurrence, is independently selected from Ci alkyl {opticnally substituted
with F and Cl}, OH, OCH;s, OCF;, «{CHz2)n-Cs6 cycloalkyl, -(CH2ju-Cas
heterooyelvl, (CHodw-aryl, «{CHo)o-heteroarvl, F, CI, Br, CN, NQg, =0, CO:zH;
and

n is independently selected from zevo, 1, 2, and 3.

In an cighth aspect, the present wvention provides a compound of Formula (IV):

N
N

|
RZJ\ OH
R ;

1 f R!
(v}

or a stercoisomer, an cnantiomer, a diastcrenisomer, a tautomer, a
phammaceutically acceptable salt, or a solvate thereof, within the scope of the first aspect,
wherein:

R1is independently selected from F, Cl, Br, OR®, CN, Ci4 alkyl, and Csscycloalkyl;

R? is independently selected from Cy.5 alkyl optionally substituted with halogen and Cs-
sevcloalkyl, s 5 alkenyl, phenyl substituted with 0-3 R®, 6-membered heteroaryl
substituted with 0-3 R, Cs 4 cycloalkyl, CHrOC 5alkyl, and CHyO-cyveloalkyl:

R3 is independently selected from

(1) -CH2-R®,
(2) -CH2-OR5, and
(3) -CH: -NR¥}C(=0R>;
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R4 s, independently at each occurrence, selected from H, F, CI, NR°R?, OC_4 alkvl, and
Cygalkyl

R3 is independently at each cecurrence, selected from arvl, Cq g cveloatkyl and
heteroeycle, each substituted with 0-3 R9;

RO is independently selected from H. F. Cl, Br, -OR®,
=0, (CH2L(=E0IRE, (CHoC(=0)0R?, ~(CH2)NRRE,
ON, -(CHznC(=0)NRR?, Cy 4 alkyl substituted with 0-3 R®, (CH2}a-Cse6

W

carbocyclyvl substituted with 0-3 RS, and ~{CHan-heterocyclvl substituted with 0-3
R7,

10 R? atcach occurrence, is independently selected from H, Cis alkyl substituted with 0-5
RE, «{CH2)n-Cs-ncarbocvelvl substituted with 0-5 R®, and ~(CHa)n-beterocyelyl
substituted with 0-5 R®; or R?* and R® together with the nitrogen atom to which
they are both attached form a heterocyclic ring substituted with 0-5 R®;

R®, at each occurrence, is independently selected from H, Cie alkyl substitated with 0-5

15 R®, Co-s alkenyl substituted with 0-3 R, Ca6 alkynyl substituted with 0-5
RE, «(CH2)u-Ca-10carbocyelyl substituted with 0-5 R®, and «(CHa)s-heterocyclyi
substituted with 0-5 R®;

R®, at each occurrence, is independently selected from (s alkyl (optionally substituted
with F and Cl), OH, OCH:, OCFs, -(CH2)w-Cs-s cyeloalkyl, -(CHzn-Cas

26 heterocvelyl, «(CHapw-arvl, «{CHzn-heteroaryl, F, CL, Br, ON, NOy, =0, COH;
and

n is independently seiected from zero, 1, 2, and 3.

In a ninth aspect, the present mvention provides a compound of Formula (V)

N
(4
Py
]
=z
I
——~
<
o’

16
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(v

10

ot
(v

or a stercoisomer, an enantiomer, a diastercoisomer, a tautomer, a
pharmaceutically acceptable salt, or a solvaie thereof, within the scope of the first or
second aspect, wherein:

ring B is mdependenﬁv selected from

(R (R1)1 4
Q
and

Rl is independently selected from H, F. Cl, Br, 0Ci4 alkyl, CN, and Ci4 alkvl;

RZ is independently selected from -CH2CHCHCHs, -CHCHCH(CH: ),
CH:CHCHLCF;, -CHz-cvclopropyl, -CH:CHz-cyclopropyl, CHoCHCH=CH,,
phenyi {(optionally substituted with F), pyndyl {optionally substituted with Cr.
rsalkvl), Cq.5 cveloatkyl, CH2O{CH2)13CHs, CHOCH(CHs)y, and CHLO-
cyclopropyi;

R3 is independently selected from

(1} - CHzR? and
{2y -CHhOR7,

R3 is independently at each occurrence, selected from

£
(R%o.3 ( 6)0-3

(R%).2
S s/
% N
EO s (T
) N , and

RS is independently selected from H, F, 1, Br, -OCHs, -OCF:, =0, CN, CHs, CF: -
(CHow-arvl, (CH2)u-Caes cycloalkyl substituted with 6-3 R®,
and -{CHzh-heterocyelyl substituted with 0-3 RS,

R7 is independently selected from CHs, CH2CHz, CHoCHCH:, CH(CH:), and
CH:OCH:;

>

R®, at each occurrence, is independently selected from Crs alkyl substituted with 0-5 Ry,
Cre alkviene, {CH2}u-Cas cveloalkyl, {(CHua-Cae heterooyelyl, (CHadwraryl, -
{CHaw-heteroaryl, F, CL, Br, CN, NO2, =0, and CO:zH;

n 18 independently selected from zero, 1, 2, and 3.

In a tenth aspect, the present invention provides a compound sclected from the
exemplified examples or a sterectsomer, 4 tautomer, a pharmaceutically acceptable salt,
or a solvate thereof.

17
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In another aspect, the present mvention provides a compound selected from any
subset list of compounds within the scope of the tenth aspect.

In another aspect, the present invention provides a compound selected from the
following list:

5-(5-{benzo|disoxazol-3-vimethyl)-1,3 4-oxadiazol-2-v1}-2-butyi-1-(2,6-
dimethoxyphenvi)-6-hydroxypyrimidin-4(1H}-one (1},

2~-butyi-5-{5-{{(4-chlorophenylmethyi}-1,3,4-oxadiazol-2-v1}-1-(2,6-
dimethoxyphenyl}-6-hydroxy-1,4-dihvdropyrnmidin-4-one (2},

5-15-(1,2-benzoxazol-3-vimethyly-1.3 4-oxadiazol-2-y1}-2-(but-3-en-1-y1}- 1-(2,6-
dimethoxyphenyl)-6-hvdroxy-1,4-dibydropyrimidin-4-one (3),

5-15-(1,2~-benzoxazol-3-yimethyl}-1,3 4-oxadiazol-2-vl|-2-butyl-1-(2.6-
dicthylphenyl}-6-hvdroxy-1,4-dihydropyrimidin-4-one (4},

2-butyi-1-(2 6-dimethoxyphenvi}-6-hydroxy-5-{ 5-{(2-methyi-1,3-thiazol-4-
vhmethyii-1.3 4-oxadiazol-2-vi}-1,4-dihydropyrimidin-4-one {5},

2-butyl-1-(2,6-dimethoxypheny!)-6-hydroxv-5-{5-[(2-ox0-1,2-dihvdropyridin-1-
yhmethyli-1,3 4-oxadiazol-2-vi}-1 4-dihydropyrimidin-4-one {6},

1-(2.6-dimethoxvphenyi}-6-hydroxy-2-(3-methyibutyl}-5-{ 5-[{Z-oxopyrrolidin-1-
vhmethyii-1,3,4-oxadiazol-2-vi} -1, 4-dihydropyrimidin-d-one {7},

2-buty-1-2,6-dimethoxyphenvl}-6-hydroxy-3-{5-I(2-oxopyrrolidin- -yl methvl}-
1,3.4-oxadiazol-2-yi} -1 4-dihvdropyrimidin-4-one (5},

2-butyl-1-(2,6-dimethoxyphenyl}-6-hydroxy-5-(5-{|3-(pvndin-2-yi}~1,2 4-
oxadiazol-3-yljmethyl}-1,3 4-oxadiazol-2-v1)- 1, 4-dihydropyvrimidin-4-one (9},

1-{2 6-dimethoxyphenyl}-6-hvdroxy-2-(3-methyIbutyl}-3-{ 5-[(2-0ox0-1.2-
dihydropyridin-1-yUmethyii-1,3 4-oxadiazol-2-vi} -1, 4-dihydropyrimidin-4-one {10},

2-(but-3-en-1-vl)-1-(2,6-dumethoxypheny!}-6-hyvdroxy-5-(5-{| 3~(pyridin-2-yi}-
1,2 4-oxadiazol-3-ylmethyl}-1 3, 4-oxadiazol-2-y1)- 1, 4-dibvdropyrimidin-4-one (11),

5-{5-{1,2-benzoxazol-3-yimethyi)-1,3 4d-oxadiazol-2-vi}- 142, 6-dimethoxyphenyt)-
6-hydroxy-2-{4.4 4-trnifluorobuty - 1,4-dihydropyrimidin-4-one (12},

3-15-(1,2-benzoxazol-3-vimethyi)-1,3,4-oxadiazol-2-yl}-2-butvi-6-hvdroxy-1-(2-
methoxy-6-methylphenyl)-1,4-dihvdropyrimidin-4-one (13},

2-{bout-3-en-1-y13-3-{5-[ {(4-chloropheny Hmethyl}-1.3 4-oxadiazol-2-v1} -1-{2.6-
dimethoxyphenvi)-6-hvdroxy-1.4-dibvdropyrimidin-4~-one (14},

5-15~(1,2-benzoxazol-3-yimethyi)-1,3,4-oxadiazol-2-v1}-2-butyl-1-(2.6-

dibromophenyl}-6-hydroxy-1,4-dihyvdropyrimidin-4-one (15},
1%
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4-(45-11 <2 6-dimethoxyphenyl}-6-hvdroxy-2-(3-methylbutyi)-4-oxo-1 4-
dihydropyrimidin-3-yl}-1,3 4-oxadiazol-2-yl tmethyimorpholin-3-one (16},
3-15-(1,2-benzoxazol-3-yvimethyl}-1,3,4-oxadiazol-2-v1|-2-(but-3~-en-1-vi}-6-
hydroxy-1-(2-methoxy-6-methviphenyl}-1,4-dihydropyrimidin-4-one (17),
5-15-(1,2-benzoxazol-3-yimethyl)-1,3 d-oxadiazol-2-vl}-2-butyl-1-(4,6-
dimethoxypyrnimidin-5-yvi}-6-hydroxv-1,4-dihvdropynmidin-4-one {18},
3-15-{1.2-benzoxazol-3-ylimethyh-1,3 4-oxadiazol-2-y}-2-butyi-1-(Z,6~
dichlorophenyl}-6-hvdroxy-1,4-dihydropyrimidin-4-one (19},
5-15-(1,2-benzoxazol-3-vimethyi-1,3 4-oxadiazol-2-yH-2-(cvclopropylmethyi)-1-
{2,6-dimethoxvphenyi-6-hvdroxy-1,4~-dibydropyrimidin-4-one (203,
5-{5-[{4-chlorophenyhmethvii-1.3 4-oxadiazol-2-y1}-2-(cvclopropyimethyi)-1-
(2,6-dimethoxyphenyl}-6-hydroxy-1,4-dihvdropynmidin-4-one (21},
2-{cyclopropyimethyh-1-(2,6-dimethoxypheayh)-6-hyvdroxy-5-(5-{3(pyridin-2-
vi}-1.2 4-oxadiazol-5-yljmethyi}-1,3,4-oxadiazol-2-v1)-1 4~dihydropyrimidin-4-one (22),
5-(5-(Benzoldjisoxazol-3-vimethvl}-1,3,4~oxadiazol-2~v1}-2-butyi-1-{2,6-
diethoxyphenvl-6-hyvdroxypyrimidin-4{1H}-one {23},
3-15-(1,2-benzoxazol-3-yimethyl}-1.3 4-oxadiazol-2-vl}-1-]2 6-bis{propan-2-
vioxyiphenyl]-2-butyl-6-hydroxy-1,4-dibydropyrimidin-4-one (24},
2-buty-1-(2,6-diethoxyphenyly-6-hydroxy-5-{ 5-{{ 2-methyi-1,3-thiazol-4-
vhmethyl}-1,3 4-oxadiazol-2-v1} -1 4-dihydropyrimudin-4-one (25),
2~-butyi-5-{5-{{(4-chlorophenvDmethyi}-1,3,4-oxadiazol-2-v1}-1-(2,6-
diethoxyphenyly-6-hvdroxy-1,4-dihydropyrimidin-4-one (26},
5-{5-(Benzo|dlisoxazol-3-vimethyl}-1.3 4-oxadiazol-2-y1}-2-butyi-1-(2 6~
dicvclopropviphenyl)-6-hydroxypyrimidin-4{ 1 H}-oncExample 27a. 2,6-
Dicyclopropvlaniline (27)
2-(5-(5-(Benzoldlisoxazol-3-yimethyl)-1,3 4-oxadiazol-2-v1)-2-butyl-6-hyvdroxy-
d-oxopyrimidin-H{4H}-yDisophthalonitrile {28}
2-buty-3-{5-(4-chliorcbenzy}-1.3 4-oxadiazol-2-v1)-1-{2 6-
dicvclopropoxyphenyh-6-hydroxyvpyrmidin-4{ 1 H}-one (29},
5-15-(1,2-benzoxazol-3-vimethyly-1.3 4-oxadiazol-2-y1}-2-butyl-1-{2,6~
dicyclopropoxyphenyli-6-hydroxy-1 4-dihvdropynmidin-4-one (30},
5-(1-benzyl-1H-pyrazol-4-y[)-2-butyi-3-(2,6-dimethoxypheny!}-6-

hydroxypyvrimidin-4{(3H}-one (31},

19
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2-butyl-5-{1-[{(4-chlorophenviymethylj-1H-pyrazol-4-y1}-3-(2 6-
dimethoxyphenyi}-6-hvdroxy-3. 4-dibydropyrimidin-4-one (32},
5-{5-(benzo|d|isoxazal-3~vimethyi}-1,3.4-oxadiazol-2-v1)}-1-(2,6-
dimethoxypheny)-6-hvdroxy-2-(cthoxymethylpyrimidin-4( | H)-one (33)
5-{5-{1,2-benzoxazol-3-yimethyi)-1,3 4d-oxadiazol-2-vi}- 142, 6-dimethoxyphenyt)-
6-hydroxy-2-{{propan-2-vioxvimethyij-1,4-dihyvdropyrimidin-4-one (34},
3-15-{1,2-benzoxazol-3-yimethyi)-1,3 4-oxadiazol-2-v1}-1-(2 6-dicthyiphenyi}-2-
{cthoxymethy}-6-hvdroxy-1 4-dihvdropyrimidin-4-one (33),
5-45-[{(4-chlorophenyhmethvl}-1.3,4-0oxadiazol-2-v1}-1-(2,6-dimethoxyphenyvl}-6-
hydroxy-2-{{propan-2-vloxymethyl]-1 4-dihvdropyrimidin-4-one (36},
5-{5-[{4-chlorophenvimethyl|-1,3.4-oxadiazol-2-v1}-1-(2,6-dicthyiphenyl)-2-
{ethoxymethvl}-6-hydroxy-1.4-dihydropyrimidin-4-one (373,
5-45-[{4-chloro-3-flucrophenyDmethyif-13 4-oxadiazol-2-v1}-1-(2.6-
dimethoxyphenyl}-2-(cthoxymethyl}-6-hvdroxy-1,4-dihydropyrimidin-4-one (38},
1-(2,6-dimethoxyphenylh-2-(ethoxymethy}-6-hyvdroxy-3-{ 5-[(2-phenyl-1,3-
thiazol-4-viymethyl}-1,3,4-oxadiazol-2-vl} -1 4-dihydropyrimidin-4-one (39},
3-{5-[{4-chlorophenyhmethyl]-1.3 4-oxadiazol-2-y1}-1-{2 6-dimethoxyphenyi}-2-
{cthoxymethvl}-6-hydroxy-1.4-dihydropvrinudin-4-one (40},
5-15-(1,2-benzoxazol-3-yimethyl)-1,3 4-oxadiazol-2-v1}-1-¢2 6-
dicvelopropylphenyi}-6-hydroxy-2-{{propan-2-vioxvimethyii-1,4-dihvdropynmidim-4-
ong (41),
5-(S-(benzoldjisoxazol-3-ylmethyl)-1,3,4-oxadiazol-2-y1)-2-(2-cvclopropvlethyl)-
1-(2 6-dimethoxyphenyl}-6-hyvdroxypyrimidin-4(1H)-one (42},
2-(2~cyclopropyiethyl}-1-{2.6-dimethoxvphenvi}-6-hydroxy-5-{ 5-{ (2-
oxopyrrolidin-1-yhmethvli-1,3 4-oxadiazol-2-vi} -1 4~dibydropyrimidin-4-one (43},
2-(2-cyclopropylethyl}-1-(2,6-dimethoxyphenyvi}-6-hydroxy-5-{ 5-{(2-methyi-1,3-
thiazol-4-yDimethyl]-1,3,4-oxadiazol-2-v1} -1 d-dihyvdropyrimidin-4-one {44),
5-{5-{4-chlorophenviimethyl}-1,3,4-oxadiazol-2-vi}-2-(2-cvelopropylethyiy-1-
(2,6-dimethoxypheny)-6-hydroxy-1,4-dihydropynmidin-4-one (45},
2-(2-cyclopropylethy3-1-(2,6-dimethoxyphenyl}-6-hydroxy-5-{5-[(2-ox0-1,2-
dihydropyridin-1-yUmethyii-1,3 4-oxadiazol-2-vi} -1, 4-dihydropyrimidin-4-one {46},
4-({5-12-(2~cyclopropvicthyl}-1~(2,6-dimethoxyphenyi}-6-hvdroxy-4-oxo-1,4~

dihydropyrimidin-53-ylj-1,3 4-oxadiazol-2-vl jmethyDmorpholin-3-one (47},

20
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5-(5-(Benzoldjisoxazol-3-vimethvl}-1,3,4~oxadiazol-2~v1}-2-butyi-1-{2,6-
dif*Hz imethoxyphenyl)-6-hydroxypyrimidin-4{1H)-one (48),
1-}2,6-bis(*Hymethoxyphenyl|-2-butyl-5-{5-[(4-chlorophenyDmethyii-1,3 4-
oxadiazoi-2-yl}-6-hydroxy-1.4-dibydropyrimidin-4-one (49},
3-15-(1,2~-benzoxazol-3-yvimethyl}-1,3 4-oxadiazol-2-vi|-1-{2,6-
bis(*Hgmethoxyphenyli-2-{cthoxymethyl)-6-hydroxyv-1,4-dihvdropyrinudin-4-one (50},
1-}2.6-bis(*Hzimethoxyphenyl}-5-{5-{{4-chlorophenvlymethyl]-1,3 4-oxadiazol-2~
vi}-2-{ethoxymethyl}-6-hydroxy-1.4-dihydropyrinidin-4-one (51),
2-(5-02-(2-Cyclopropylethy}-1-(2,6-dimethoxyphenyB-6-hydroxy-4-oxo-1,4-
dihydropyrimidin-S-vh-1.3 4-oxadiazol-2-v13-N N-dicthylacetamide (32},
N-((5-(2-(2-cyclopropvicthvi}-1-(2,6-dimethoxypheny }-6-hvdroxy-4-oxo0-1,4~
dibydropyrnimidin-3-v1)-1,3 4-oxadiazol-2-yhmethy-N-methvipicolinamide (53),
N-{{5-[2-{2-cyclopropylethyl}-1+(2,6-dimethoxyphenyl}-6-hydroxy-4-ox0-1,4-
dihydropyrimidin-3-yi}-1,3,4-oxadiazol-2-vl ymethyl-N-methyipyridine-2 -carboxamide
(34,
3-chloro-N~{{5-]2-(2-cyclopropylethvi)-1-(2, 6-dimethoxyphenyl)-6-hydroxy-4-
oxo- 1 4-dihydropyrimidin-5-vl}-1,3 4-oxadiazol-2-vimethvlibenzamide (55},
N-({5-]2-(Z~cyclopropvlethy}-1-{2.6-dimethoxyphenyl}-6-hydroxyv-4-0x0-1,4-
dibydropynimidin-5-vij-1,3 4-oxadiazol-2-ymethyhpyridine-3-carboxamude (36},
N-{{5-[2-{2-cyclopropylethyl}-1+(2,6-dimethoxyphenyl}-6-hydroxy-4-ox0-1,4-
dihydropyrimidin-3-yij-1,3.4-oxadiazol-2-yl s methyhbenzamide (573,
N-{{5~[2-(2-cyclopropylethyl}-1-(2,6-dimethoxyphenyl}-6-hvdroxy-4-oxo-1.4-
dihydropyrimidin-S-y1}-1,3 4-oxadiazol-2-vl ymethyDpyridine-2 -carboxamide (58),
5-{5-}{S-chloropyridin-2-vIymethyl}-1,3,4-oxadiazol-2-v1}-2-(2-
cyclopropvlethy}-1-(2,6-dimethoxyphenyl}-6-hydroxy- 1, 4-dihydropyrimidin-4-one (59),
5-{5-[{4-chloro-2-fluorophenylmethvlj- 1,3 4-oxadiazol-2-y1}-1-(2,6-
dimethoxyphenyl}-6-hydroxy-2-{{propan-2-yloxyimethyl]-1,4-dihydropyrimidin-4-one
(60},
2-(2~cyclopropyicthy -1-(2,6-dimethoxyphenyl}-5-{ 5-{ {5 -fluoropyridin-2-
vhmethyi}-1,3,4-oxadiazol-2-y1}-6-hydroxy-1,4-dihvdropyrimidim-4-one (61},
Z-cyclopentyl-1-(2, 6-dimethoxyphenyi}-6-hydroxy-5-{3-[(2-ox0-1,2-
dibydropyridin-1-viymethvij-1,3.4-oxadiazol-2-yi} -1.4-dihvdropyrimidin-4-one (62),
3-{5-[{6-chloropvndm-3-ymethyl}-1,3 4-oxadiazol-2-vl}-2-cyvclopentyl- 1-(2,6~

dimethoxyphenyl)-6-hvdroxy-1.4-dihydropyrimidin-4-one (63},
21
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2-cvclopentyl-1-(2,6-dimethoxypheny)-6-hydroxy-5-{5-[(2-oxopvrrohdin-1-
yhmethyij-1,3,4-oxadiazol-2-vi} -1, 4-dibydropyrimidin-4-one (64},
2-cyclopentyl-1-(2,6-dimethoxyphenvl)-6-hydroxy-5-{5-[{2-methyl-1,3-thiazol-4~
vhmethyll-1,3,4-oxadiazol-2-y1} -1 4-dihydropyrimidin-4-one (65),
5-{5-}{S-chloropyridim-2-vlymethyl}-1,3 4-oxadiazol-2-vl}-2-cyclopentyl- 1-(2,6-
dimethoxyphenvi)-6-hydroxy-1,4-dihvdropyrimidin-4-one (66},
2-cvclopentyi-1-(2,6-dimethoxyphenyi}-5-{ 5-{ (5~-fluoropyridin-2-vhmethyi]-
1,3,4-oxadiazol-2-vi}-6-hvdroxy-1 4-dibvdropyrnmidin-4-one (67),
2-cyclopentyl-1+(2,6-dimethoxypheny )-6-hydroxy-5- {3-[(6-methyipyridin-3-
yhmethyij-1,3,4-oxadiazol-2-vi} -1, 4-dibydropyrimidin-4-one (68},
3-{5-[(5-chloro-3-flucropyridin-2-ylimethyl}-1,3 4-oxadiazol-2-yi}-2-
cyclopentyl-1-(2,6-dimethoxyphenyvl}-6-hydroxy-1,4-dihydropyrimidin-4-one (69},
5-45-}{S-chloropyridin-2-viymethyl}-1,3,4-oxadiazol-Z -yl } -2 -cyclobutyl-1-(2,6-
dimethoxyphenyi}-6-hydroxy-1,4-dihydropyrimidin-4-one (70},
5-45-[{5-chloro-3-fluoropvridin-2-ylymethvij- 1,3 4-oxadiazol-2-yi} -2 -cyclobutyl-
1-(2,6-dimethoxyphenyl}-6-hyvdroxy-1,4-dihydropyrimidin-4-one (71},
2-cvelobutyl-1-(2,6-dimethoxyphenyly-6-hydroxy-5-{5-[{Z-oxopvrrohdin-1-
vhmethyli-1,3,4-oxadiazol-2-vi} -1 4-dibydropyrimidin-4-one {72},
2-cyclobutyl-1+(2,6-dimethoxyphenyl)-6-hydroxy-5-{5-[ (2-methyl-1,3-thiazol-4-
vhmethyl}-1,3 4-oxadiazol-2-v1} -1 4-dihydropyrimudin-4-one (73},
{5)-5~(5-(Benzold]isoxazol-3-vimethyl)-1.3,4-oxadiazol -2 -y1)-2-butvl-6-hvdroxy-~
3-(1-phenyipropvlpyrimidin-4(3H}-one (74),
5-45-}(1,2-benzoxazol-3-yhmethyl}-1,3 4-oxadiazol-2-v1}-2-butyl-6-hydroxy-3-
[(15}-1-phenvicthyl]-3,4-dihydropyrimidin-4-one {75},
2-butyl-6-hydroxy-5-{5-[{2-methyi-1, 3-thiazol-4-yDymethvl}-1,3 4-oxadiazol-2-
yi-3-[(15)-1-phenviethyl]-3 4-dihvdropynmidin-4-one (76},
Z-butyl-5-{5-[{4-chlorophenyDmethvl]-1,3 4-oxadiazol-2-y1}-3-{(18)-1-
cyclopropylethyli-6-hydroxy-3 4-dihydropyrimidin-4-one (77),
5-45-[(1,2-benzoxazol-3-vhymethvl]-1,3 4-oxadiazol-2-v1} -2-butyl-6-hydroxy-3-
I(1R}-1-(2-methoxyphenyliethyl}-3.4-dihydropyrimidin-4-one (78},
2-butyi-6-hydroxy-3-f{ R}-1-{2-methoxyphenylethyl}-5-{5-{(2-methyl-1,3-
thiazol-4-vmethvl}-1,3,4-oxadiazol-2-v1} -3, 4-dibhyvdropyrinudin-4-ong (79),
Z-butyl-3-[{1 R}~ 1-cvclopropylethyl]-6-hyvdroxy-5~{ 5-[(2-methyi-1,3-thiazoi-4-
vhmethyl}-1.3,4-oxadiazol-2-y1} -3 4-dihvdropyrimidin-4-one (80},
22
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2-butyl-5-{5-[{4-chlorophenviymethyi]-1,3,4-oxadiazol-2-v1}-6-hvdroxy-3-[(1 R)-
1-(Z-methoxyphenviethyl]-3,4-dihvdropynmidin-4-one (81},
2-butyl-6-hydroxy-5-{5-[{2-methyi-1, 3-thiazol-4-yDymethvl}-1,3 4-oxadiazol-2-
vi-3-[(1R)-1-phenylethvl]-3,4-dihydropyrinudin-4-one (82),
2-butyl-5-{5-[{4-chlorophenyDmethvli-1,3 4-oxadiazol-2-y1} -6-hydroxy-3-[(1R}-
1-phenviethyl]-3,4-dihvdropyrimidin-4-one {83},
2-butyi-5-{5-[{(4-chlorophenvDmethyl}-1,3.4-oxadiazol-2-v1}-6-hvdroxy-3-[{18)-
{-phenvipropyi]-3,4-dihvdropynmidin-4-one (84},
2-butyi-6-hydroxy-3-{5-[(Z-methyi-1 3-thiazol-4-vDmethyl]-1,3 4-oxadiazol-2-
vi}-3-{(i5}-1-phenvipropvij-3.4-dihvdropyrimidin-4-one (83},
5-{5-[(1,2-benzoxazol-3-vlmethyl]-1,.3,4-oxadiazol-2-v1 } -2-butyl-6-hvdroxy-3-
[(1R}-1-phenylethyl}-3 4-dihydropyvrimidin-4-one {863,
5-45-}{1.2-benzoxazol-3-vhmethvlj-1,3.4-oxadiazol-2-y1} -2-butyl-6-hydroxy-3-
[(1R)-1-phenvipropvi]-3.4-dihydropyvrimidin-4-one (87),
2-butyl-6-hydroxy-5-{5-[{2-methyl-1,34hiazol-4-vhmethyll-1,3 4-oxadiazol-2-
v1}-3-[(1R)-1-phenvipropyl]-3,4-dihydropyrimidin-4-one {88},
2-butyi-3-{5-{{(4-chlorophenylimethyl}-1,3 4-oxadiazol-2-v1}-6-hydroxy-3-[(I1R}-
I-phenvipropyvl}-3 4-dihvdropynimidin-4-one (89},
5-{5-1{1,2-benzoxazol-3-vhmethyl]-1,3,4-oxadiazol-2-91} -2-butyl-6-hydroxy-3-
1(1S)-2-methoxy-i-phenylethyvi}-3 4-dihydropyrimidin-4-one (903,
3-45-}{1,2-benzoxazol-3-vhmethvll-1,3 4-oxadiazol-2-v1} -2-butyl-6-hvdroxy-3-
[(1R)-2-methoxv-1-phenylethyi]-3 4-dihvdropynmidin-4-one (91},
5-45-}(1,2-benzoxazol-3-yhmethyl}-1,3 4-oxadiazol-2-v1}-2-butyl-6-hydroxy-3-
[{15)-1,2 3 4-tetrahydronaphthalen-1-yH-3 4-dihydropynmidin-4-one (92},
2-butyl-6-hydroxy-3-{{ 15)-2-methoxy-1-phenyiethylj-5-{ 5-{ 2-methyl~1,3-
thiazol-4-yhmethvi}-1,3,4-oxadiazol-2-v1} -3 4-dihvdropyrmudin-4-one {93),
Z-butyl-6-hydroxy-3-[(1R}-2-methoxy-1-phenviethyl}-3-{ 5-[(2-methvl-1,3-
thiazol-4-yhmethvil-1.3 4-oxadiazol-2-v1}-3 4-dihyvdropyamidin-4-one {94),
2-butyi-3-{(1S)-1-{4-fluorophenyljethyl{-6-hydroxy-5-{5-[{2-methvi- 1 3-thiazol-
4-yDmethyl}-1,3 4-oxadiazol-2-y1} -3 4-dihvdropyrimidin-4-one (95),
3-{5-[(1,2-benzoxazol-3-vUmethyl}-1,3 4-oxadiazol-2-y1}-2-botyl-3-[(18)-2,3-
dihydro-1H-mden- -vlj-o-hvdroxy-3 4-dihyvdropyrimidin-4-one (96),
Z-butyl-3-[(15)-2 3-dihvdro-1 H-inden-1-yl}-6-hvdroxy-5-{5-[(2-methyl-1,3-

thiazol-4-yDimethyl]-1,3,4-oxadiazol-2-v1} -3 4-dihyvdropyrimidim-4-one {97),
23
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2-butyi-5-{5-[(S-chloropynidin-2-yvi)ymethvlj-1,3 4-oxadiazol-2-v1}-3-[(15)-1-(4-
fluorophenvijethvi-6-hvdroxy-3,4-dihydropyrimidio-4-one (98},
2-butyl-5-{5-{(5-chloropyndin-Z-ylmcthvl-1,3 4-oxadiazol-2-vl } -6-hydroxy-3-
[(1S)-2-methoxv-1-phenylethvl}-3,4-dihvdropyrimidin-4-one (99},
2-butyl-3-{5-{{5-chloropyridin-2-yDmethyl]-1,3 4-oxadiazol-2-y1} -6-hydroxy-3-
1{15)-1,2,3 4-tetrahydronaphthalen-1-y1}-3, 4-dihydropyrimidin-4-one {100),
2-butyl-5-{5-{(S-chloropyridin-2-vDmethvii- 1,3 4-oxadiazoi-2-y1} -6-hydroxy-3-
[(1R)-2-methoxy-1-phenylethyii-3 4-dihvdropynmidin-4-one (101},
5-45-}(1,2-benzoxazol-3-yhmethyl}-1,3 4-oxadiazol-2-v1}-2-butyl-6-hydroxy-3-
[{15)-1-(4-methoxyphenyDethyl}-3 4-dihydropyrinudin-4-one (102},
3-H(ESY-1-(5-{5-[{1,2-benzoxazol-3-yymethyl]-1,3,4-oxadiazol-2-v1 } -2 -butvl-4-
hydroxy-6-ox0-1,6-dihvdropyrimidin-1-yhethylfbenzonitrile (103},
3-H(ES)-1-(2-butyl-4-hydroxy-5-{5-}{2-methyl-1 3-thiazcl-4-yDmethyi]-1.3 4-
oxadiazol-2-vi}-6-ox0-1,6-dibydropyrinudin-1-yhethylibenzonitrile (104},
2-butyl-5-{5-[(S-chloropyridim-2-yDymethvl]- 1,3 ,4-oxadiazol-2-y1} -6-hydroxy-3-
[{(15}-1-phenylbutyl}-3 4-dihydropyvrimidin-4-one (105},
2-butyi-6-hydroxy-3-{5-[{2-methyi-1 3-thiazol-4-vlimethyl]-1,3 4-oxadiazol-2-
vi}-3-[(18})-1-phenvibutyl}-3.4-dibyvdropyrimidin-4-one (106},
5-{5-[(1,2-benzoxazol-3-ylimethyl]-1,3,4-oxadiazol-2-y1 -2 -butyl-6-hydroxy-3-
1(1S)-1-phenyibutyli-3,4-dihvdropyrimidin-4-one {107},
3-H(18)-1-(2-butyl-5-{ 3-[(S-chloropyridin-2~-yDmethyl~ 1,3 4-oxadiazol-2-v1}-4-
hydroxy-6-ox0-1,6-dihydropyrmmidin-1-vijethyllbenzonitnle (108),
2-buty1-5-{5-{(S-chloropyridin-2-ylimethyl]-1,3 4-oxadiazol-2 -yl }-6-hydroxy-3-
1 -{pyridin-4-yhethyl]-3 4-dihydropyrimidio-4-one {109},
5-{5-[(1,2-benzoxazol-3-vlmethyl]-1,3,4-oxadiazol-2-v1 } -2-butyl-6-hvdroxy-3-
[ I<(pyridin-4-yDethyl]-3 4-dihvdropyrimidin-4-one (110},
Z-butyl-5-{5-[(5-chloropyridin-2-yDmethvl]- 1,3 4-oxadiazol-2-y1}-6-hydroxy-3-
H -{pyridim-4-yiethyl]-3 4-dihydropyrinudin-4-ong (111},
2-butyi-6-hydroxy-3-{5-[(Z-methyi-1,3~thiazol -4~y ymethvi |- 1,3 4-oxadiazol-2-
v1}-3-{2-methyl-1-phenvipropyl-3.4-dihydropyrimidin-4-one (112},
2-butyi-5-{5-{{S-chloropyridin-2-vlymethyl-1,3 4-oxadiazol-2-vi } -6-hydroxy-3-
(2-methyl-1-phenyipropyvi}-3,4-dibvdropyrimidin-4-one (113},
5-{5-}{1,2-benzoxazol-3-yUmethyl]-1,3,4-oxadiazol-2-v1} -2-butyl-6-hvdroxy-3-
[(1S)-1-(3-methoxyphenyljethyl]-3,4-dihydropyrimidin-4-one {114},
24
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5-45-[(1,2-benzoxazol-3-vhymethvl]-1,3 4-oxadiazol-2-v1} -2-butyl-6-hydroxy-3-
{2-methyl-1-phenvipropyi}-3.4-dibydropyrimidin-4-one (115),
2-butyl-5-{5-{(5-chloropyndin-Z-ylmcthvl-1,3 4-oxadiazol-2-vl } -6-hydroxy-3-
[(1S)-1-(B-methoxyphenyljethvl-3, 4-dihydropyrimidin-4-one (116},
5-{5-[(1,2-benzoxazol-3-vlymethyl}-1.3 4-oxadiazol-2-y1} -2-buty -3-[{1R}-2 3-
dibydro-1H-nden- i-vl}-6-hvdroxy-3,4~-dihydropyrimidin-4-one (117),
2-butyl-5-{5-{(S-chloropyridin-2-vDmethvii- 1,3 4-oxadiazoi-2-y1} -6-hydroxy-3-
[(15)-1-phenvipropyl]-3.4-dihvdropyrimidim-4-one (118),
2-buty1-5-{5-{(S-chloropyridin-2-ylimethyl]-1,3 4-oxadiazol-2 -yl }-6-hydroxy-3-
1{(15}-1-phenvicthyl]-3,4-dihydropyrimidin-4-onc {119},
2-butyl-5-{5-{(5-chloropyndin-Z-ylmcthvl-1,3 4-oxadiazol-2-vl } -6-hydroxy-3-
[(1R}-1-phenylethyl}-3 4-dihydropyrimidin-4-one (120),
5-45-}{1.2-benzoxazol-3-vhmethvij-1,3.4-oxadiazol-2-y1} -2-butyl-6-hydroxy-3-
[ 1~{pvridin-3-yijethvl|-3 4-dihydropyrimidin-4-one (121},
2-butyl-5-{5-[(S-chloropyndin-2-vlymethyl]-1,3 4-oxadiazol-2-v1} -3-[( 1 R}-2 3-
dihydro-1H-inden-1-v1}-6-hydroxy-3,4-dihydropynimidin-4-one (122},
2-butyi-5-{5-{{S-chloropyridin-2-vlymethyl-1,3 4-oxadiazol-2-vi } -6-hydroxy-3-
-(pyridim-3-yhethyl}-3 4-dibydropyrimidin-4-one (123}, and
2-buty-6-hydroxy-3- {5-](2-methyl-1,3-thiazol-4-yhmethyl}- 1,3, 4-oxadiazol-2-
vit-3-{1-{pyndin-3-vhethvl]-3.4-dihvdropvrimidin-4-one (124}

In another aspect, the present invention provides compounds of Formula (1), or
sterecisomers, enantiomers, diastereomers, tautomers, pharmaceutically acceptable salts,
solvates, or prodrugs thereof, whergin
alk is Ci. alkvl substituted with -5 R7;
ring A 18 5- to 6-membered heteroarvl;
ring B is independently selected from Cas cycloalkyl, Cas cyeloalkenyl, aryl, bicychic

carbocyclyl, and 6-membered heteroaryl.

R1is independently selected from H, halogen, NO», ~(CH2 )OR",

(CH2S(O)Re, -(CHDCEORY, -(CHDNRR?, ~(CH23CN, «(CH23C(=0)NRR?

, {(CH)NRAC(=0IRE, -{CH2 o NRACE=0INRR?, (CH2pnNRACE=0OR®, (CHopn

OCEOINRIR?, (CH2)C(=0)0RP, -(CH2aS(0)pNRIR?, -(CH2)sNRIS(O)pNRRE,

~CH2)eNRIS{0)R*, C1-4 alkyl substituted with 0-3 R®, {(CH2}u~-Cs-s carbocvelyl

substituted with 0-3 R®, and -{CHz}a-heterocyelvl substitoted with 0-3 RS,
253
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RZ is independently selected from Ci-s alky! substituted with -3 R¢; (o5 atkenyl
substituted with -3 R®, aryl substituted with 0-3 R, heterocvelyvl substitated with
0-3 R, and (3.6 cycloalkyl substituted with 0-3 R®; provided when R2 is C1.5

alkyl, the carbon atom and the groups attached thereto except the one attached to

(]

the pyrinidine ring may be replaced by O, N, and §;
R3 is independenily selected from
(1) -(CRIRHYL(=0YOC 14 alkyl substituted with 0-3 R®,
(2) -(CRIRHNRIRE,
(3} {CRR*NC(=OINRIRS,

10 {4y (CRRHNRAC(=0) Crsalkyl substituied with 0-5 R®,

(3) {CRIRHNRACEOHCRR 10C1salkyl substituted with -3 R®,
(6) (CRIRH)-R’,

(7) (CR*R%)~ OR’, and

(8) {(CRIRHNRCHOHCRIRRS,

15 R4 s, independently at each occurrence, selected from H, halogen, NR*R?, OC; 4 alkyl,
and Cq_4 alkyl; or R* and R* together with the carbon atom to which they are both
attached form Cs-e cveloaltkyl substituted with 0-5 RS,

R3 is independently at each occurrence. selected from -(CHzpe-Cy_¢ carbocycle
and -{CHzh-heterocycle compnsing carbon atoms and 1-3 heteroatoms selected

20 from N, NR® O and S, each substituted with 0-5 R6;

RS is independently selected from H, halogen, =0, ~(CH2).0R?,

(CH2)S(O)Re, {(CHCEOIR®, (CHDNRARE, (CH N, {CH2 ) C(=0INRR?
, (CH)NRAC(E=0IR?, «{(CH)NRAC(=0)NRR?, -(CH2)NRWC(=0YOR, -(CHain
OCEOINRIR?, (CH2)C(=0)0RP, -(CH2aS(0)pNRIR?, -(CH2)sNRIS(O)pNRRE,

25 ~(CH2)aNRIS(O)RE, Cy 5 alkyl substituted with 0-3 R®, (CH2)a-Cs-s carbocycelyl
substituted with 0-3 R®, and ~(CHzje-heterocyelyl substituted with 0-3 RS,

R62 is mdependently sefected from H, -8(0)pRe, -C(=0)R®, -C(=0INRR?, -C(=C)OR", -
S{ORNRR®, C_5 alkyl substitated with 0-3 R®, (CH2}u-Cas carbocyelyl
substituted with 0-3 R, and -(CH2)w-heterocyelyl substituted with 0-3 Re;

30 R7is independently selected from H, Cq_s alkyl substituted with 0-3 R®, (CH2)u-Cos

carbocyclyvl substituted with 0-3 Re, and ~{CHan-heterocyclvl substituted with 0-3

R

26
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R? and R? together with the nitrogen atom to which they are both attached form a
heterocyelic nng comprising carbon atoms and -3 additional hetercatoms
selected from N, NR% O, and S, and substituted with 0-5 RS,

R, at each occurrence, 1s mdependently selected from H, Cis alkvl substituted with 0-3
Re, Crs alkenyl substituted with 0-5 R®, Cae alkynyl substituted with 0-3
R®, -{CHz}e-Cs-10carbocyelyl substituted with 0-5 R®, and -(CHajw-heterocyelyl
substituted with 0-5 R or R? and R? together with the nitrogen atom 1o which
they are both attached form a heterocyclic ring substituted with 0-3 R®;

RP, at cach occurrence, is independently selected from H, Cie alkyl substituted with (-5
R, Cos alkenyl substituted with 0-5 R®, (26 alkynyl substituted with 0-5
RE, «{CH2)u-Cs-incarbocvelvl substituted with 0-5 R®, and ~(CHon-beterocycelyl
substituted with -3 RS,

R®, at each occurrence, is independently selected from Crs alkyl substituted with 0-5 RS,
Cacalkenvl substituted with 0-5 R®, Crcalkvoyl substituted with 0-3 R®,
Cascarbocyelyl, and heterocvelvl;

RY, at each occurrence, is independently selected from H and Cialkyl substituted with
0-5 R,

R®, at cach occurrence, is independently selected from Ci-e alkyl (optionally substituted
with halogen, OH, and CN), Ca alkenvl, Cos alkynyl, {CHz3a-Cs6
cycloalkyl, (CH2)w-Cas heterocyclyl, {CHowarvl, {CHzn-hetercaryl, F, Ci, Br,
CN.NO», =0, COH. ~(CH2nORs, S(O)RRY, CEOINRIRL, NRIC(=0)RY,
S(ORNR'R, NRIS(ORR!, NRIC(=0)0R!, OC(=OINRR and -(CH2)aNRRY,

R at each occurrence, is independently selected from H, Cisalkyl (optionally substituted
with halogen and OH), Css cycloalkyl, and phenyi, or Rfand Rf together with the
nitrogen atom to which they are both attached form a heterocyclic ring optionally
substituted with Craalkyi;

n is independently selected from zero, 1, 2, and 3;

r is independently selected from 1 and 2; and

P, at each occurrence, 15 independently selected from zero, |, and 2.

In another aspect, the present invention provides compounds of Formula (B}, or
stercoisomers, cnantiomers, diastercomers, tautomers, pharmaceutically acceptable salts,
solvates, or prodrugs thereof, wherein:
alk is Crs alkvl substituted with 1-5 R7;

27
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ring A is independently selected from

R R® R® R R

0 "‘\< o- ’\\1)\ N ::< N :’< 1 N\ S "’<
R® "z’z,, Z

bLé\N’N "L'zS\N %\N’O ’ bL/L,L\N,N\Rd’ ’ ,

B

RS
(R%)14 (R3),. (R)13
s—N N:< 3% N/%/ 1-3 N/
\ S !(\\ | \j
bLéN)\RB "L;%N’ Ll/\N/J : .%_)\N/J and % | =N

ring B 15 independently sclected from Cs.s cycloalkyl, Cs.e cycloalkenyl, aryl, bicyclic

>

(]

carbocycelyl, and 6-membered heteroaryl;
R1is independently selected from H, halogen, NO», -(CH2),ORY,
{CH2)S(0)Re, -{CHDCEOIRG, (CHNRAR? ~(CH)CN, -(CH2)C{=0)NRR?
, {CHaNRACEOIRP, -(CHuuNRAC(=0INRR?, -(CH2puNRICEOORY, (CHon
OCEOINRRY, «(CHDCEO0RY, -(CH2)S(OpNRIR?, (CHINRIS(O)NRAR?,
10 ~S(CH2NRA*S{O)R, C1.4 alkyl substituted with 0-3 R®) -{CHz}a-Cs-6 carbocyclyl
substituted with 0-3 R®, and ~(CHzje-heterocyelyl substituted with 0-3 RS,
RZ is independently selected from Ci-s alky! substituted with -3 R¢; (o5 atkenyl
substituted with -3 R®, aryl substituted with 0-3 R, heterocvelyvl substitated with
0-3 R, and C3.6 cycloalkyl substituted with 0-3 R®; provided when R2 is Cis
15 alkyl, the carbon atom and the groups attached thercto except the one attached to
the pyrinidine ring may be replaced by O, N, and §;
R3 is independenily selected from
(1) -(CRIRHYL(=0YOC 14 alkyl substituted with 0-3 R®,
(2) -(CRIRHNRIRE,
20 (3) (CRRHMC(=0OINRERS,
(4) (CRIRMNRC(=0) Cirsalkyl substituted with 0-5 R®,
(5) (CRIRHNRACEONCRIRY 1:0C 1salkyl substituted with 0-3 R®,
(6} {CRRH-R,
(7} (CR*RH~ OR’, and
(8) {(CRIRHNRCHOHCRIRRS,

N
(4

R4 is, independently at cach occurrence, selected from H, halogen, NR'R?, OC;_4 alkyl,
and Cy 4 alkyl; or R and R* together with the carbon atom to which they are both

attached form Cs-e cveloaltkyl substituted with 0-5 RS,
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R3 is independently at cach occurrence, selected from -(CH2)a-Cy_ g carbocycle
and -{CHzn-heterocycle comprnising carbon atoms and 1-3 heteroatoms selected
from N, NR®, O, and §, each substituted with 0-3 RS;

RO is independently selected from H, halogen, =0, -(CH:)0R?,

(CH23S(0)Re., -(CHLCEOIRY, -(CHNRIR?, -(CHCN, (CH2)C(E0INRAR?
. {CH2NRAC(E=OIRY, {CH23NRA*C(=0INRR?, (CH2)uNR*C(=0)OR®, (CHon
DCEOINRARY, «(CH2)oC(=0I0RY, -(CH23S(O)NRTR?, ~(CH2)uNRAS(O)pNR*R?,
-{CH2)uNR*S(O )RS, C; 5 alkyl substituted with 0-3 R®, (CHa)e-Cs.6 carbocyelyl
substituted with 0-3 R®, and -{CHz}a-heterocyelvl substitoted with 0-3 RS,

RO is independently selected from H, -S{O)pRc, -C(=0)R®, -C(=0)NR'R?, -C(=0)OR®, -
S{O)NRARY, Cy 5 alkyl substituted with 0-3 R®, (CH2)n-Cs-6 carbocyely!
sabstitited with 0-3 R, and -(CHa)p-heterocyclyl substituted with 0-3 RS

R7 is independently selected from H, Cy_5 alkyl substituted with 0-3 R®, (CH:)o-Cas
carbocyclyl substituted with 0-3 R®, and -{CHajw-heterocyclyl substituted with 0-3
R%

R® and R® together with the nitrogen atom to which they are both attached form a
heterocvelic ring comprising carbon atoms and (-3 additional heteroatoms
selected from N, NR* (0, and 8§, and substituted with 0-5 R%;

R3, at each occurrence, is independently selected from H, Cis alkyl substituted with 0-5
RE, Coe alkenyl substituted with 0-53 R®, Ca alkyny] substituted with (-5
RE, (CHo)s-Cs-ocarbooyelyl substituted with 0-5 R, and -(CHa)s-heterocyclyl
substituted with 0-5 R®; or R® and R* together with the nitrogen aton to which
they are both attached form a heterocyclic ring substituted with 0-5 R®;

RP, at each occurrence, is independently selected from H, Cios alky] substituted with 0-3
R®, (s atkenyl substituted with 8-3 R®, Ca alkynyl substituted with 0-3
RE, (CH2u-Ca-wocarbocyelyl substituted with 0-5 R, and -{CHajw-heterocyclyl
substitated with 0-5 RS,

R°, at each occurrence, is independently selected from Crs alkyl substituted with 0-5 R,
Cacalkeny! substituted with 0-5 R®, Crcalkynyl substituted with 0-3 R®)
Ca-scarboeyelyl, and heterocyelyl;

RY, at each occurrence, is independently selected from H and Ciaalkyl substituted with

0-5 RS;
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R®, at each occurrence, is independently selected from Cis alkyl (optionally substituted
with halogen, OH, and CN}), Cre alkenyl, (o6 alkynyl, {(CHo)p-Cas
cvcloalkyl, -(CHzn-Cas heterocyelyl, «(CHop-aryl, (CHz)e-heteroaryl, F, CL Br,
CN, NOz, =0, CO:H, -(CH2)u0Rs, S(O)RY, CEOINRIR!, NRIC(=0R/,
S{O)RNRER NRIS(O)R, NRIC(=0)OR!, OC(=OINR'R and -(CH2) NR'RY,

RE, at each occurrence, is independently selected from H, Cisalkyl {optionally substituted
with halogen and OH). Cs.6 cycloalkyl, and phenyl, or R and R together with the
nitrogen atom to which they are both attached form a heterocyelic ring optionally
substituted with Craalkyl;

0 is independently selected from zero, 1, 2, and 3;

r i independently selected from 1 and 2; and

., at each occurrence, is independently selected from zero, 1, and 2.

In another aspect, the present invention provides compounds of Formula (H), or
stereoisomers, enantiomers, diastercomers, tautomers, pharmaceutically acceptable salis,
solvates, or prodrugs thereof, whergin:

ring B is independently selected from

nns FaVaVyl AN A re .
(R1)1-4 (R1)1-4 (RD14 (R4
1 y | N | \/\ /|/ /\ﬁ
— (R . R )

VA )14. Z = N Q/N _

[¥aVaVaV]

‘ (R")14
™
and "N

R! i independently selected from H, F, 1, Br |
NGOz, (CH2)WOR?, (CH)CEOIRD, (CHR)NRIRY, (CH2WUN, -(CH2C(=OINR
R? (CH2NRAC(=0)RY, C14 alkyl substituted with 0-3 R and Cs.s cycloalkyl
substituted with (-3 RS,

R? is independently selected from Cis alkyl substituted with 0-3 R?; Cos alkenyl, aryl
substituted with 0-3 R®, heterocyclyl substituted with 0-3 R, and s eycloalkyh;
provided when R? is C1.s alkyl, the carbon atom and the groups attached thereto
except the one attached to the pyvnmidine ring may be replaced by O, N, and §;

RY is independently selected from

(1) (CRURHCEGYOC 4 alkyl substitated with 0-5 RS,

(2) (CRIRHNRIRE,
30
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(3} {CRIRHC(=0)NRR?,

(4) (CRIRHNRC(=0) Crealkyl substituted with 0-5 RS,

(3) (CRIRHNRCEOHCRBRYOC 1aalkyl substituted with 0-3 RE,
(6} (CRRH-R?,

{7y (CR*R*)- OR°, and

(8) (CRIRHNRACEONCR®RYR,

R# is, independently at each occurrence, selected from H, F, CI, NR*R?2, OC 4 alkvl, and
(.4 alkyl; or R* and R* together with the carbon atom to which they are both
attached form Uz cycloalkyl substituted with 0-5 RS,

R3 is independently at each cecurrence, selected from -(CHzhn-aryl, {CH2-Ca
cycloalkyl and -(CHa)p-heterocycle comprising carbon atoms and 1-3 heteroatoms
selected from N, NR®, O, and 8. cach substituted with 0-3 R®;

R is independently selected from H., F. CI, Br, -OR®,
=0, (CH)CEOIRY, (CHCECIORY, (CH)uNRAR?,

ON, {CH2pCE=OINRPR?, €y alkyl substituted with 0-3 R®, {(CH2}e-Cios
carbocvelyl substituted with 0-3 RE, and - CHajn-heterocyelvl substituted with 0-3
RE

R%% is independently selected from H, ~S{O)R., -C(=0RP, -C(=0)NRR?, -C(=0)OR, -
S(OMWNRRY, Cy 5 alkyl substituted with 0-3 R®, (CHz2)o-Cis carboeyelyl
substituted with 0-3 R®, and ~(CHzje-heterocyelyl substituted with 0-3 RS,

R? and R® together with the nitrogen atom to which they are both attached form a
heterocvelic ring comprising carbon atoms and 0-3 additional hetercatoms
selected from N, NR® O, and S, and substituted with 0-5 RY;

R, at cach occurrence, is ndependently sclected from H, Cioe alkyl substituted with 0-5
RE, ~(CH2)u-Cs-ocarbocyelvl substituted with 0-5 R®, and ~(CHaje-heterocyelvl
substituted with 0-3 R®; or R* and R® together with the nitrogen atom to which
they are both attached form a heterocyelic ring substituted with 0-35 R,

R, at each occurrence, is independently selected from H, Cis alky! substituted with 0-3
RE, Coe alkenyl substituted with 0-53 R®, Ca alkyny] substituted with (-5
RE, (CHo)s-Cs-ocarbooyelyl substituted with 0-5 R, and -(CHa)s-heterocyclyl
substituted with 0-5 R

R®, at each occurrence, is independently selected from Cie alkyl {optionally substituted
with halogen, OH, and UN), Cus alkenyl, Cos alkyayl, {CH23Cs6
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cycloalkyl, {(CHzyo-Cas heterocyelyl, -(CHa)p-arvl, {(CHz)o-hetercaryl, F, Cl, Br,
UN, NGO, =0, COH, -(CH2)20R:, S(O)RE CEOINRIRE, NRICHFOR!,
S{OpNRRE NRIS(O)RE, NRIC(=0)0OR!, OCEOINRR and -(CH2)NR'RY,

RY, at each occurrence, is independently selected from H, Crsalkyl {optionally substituted
with halogen and OH}, Cs.6 cveloalkyl, and phenyi;

n is mdependently selected from zero, 1, 2, and 3;

r 15 independently selected from 1 and Z; and

P, at each occurrence, 15 independently selected from zero, |, and 2.

In another aspect, the present invention provides compounds of Formula (1), or
stercoisomers, cnantiomers, diastercomers, tautomers, pharmaceutically acceptable salts,
solvates, or prodrugs thereof, wherein:

R!is independently selected from H, F, C1, Br, OR®, CN, Ci4 alkyl, and Cascycloalkyl:

Riz s independently selected from F, Ci, and C1-7 alkvl;

RZ is independently selected from Cy_s alkvl optionally substituted with balogen and Cs-
scveloalkvl, Cy 5 alkenvl, phenyl substituted with 0-3 R®, 6-membered heteroaryl
substituted with 0-3 R®, (4 ¢ cveloalkyl, {(CHu 4 0Csalkyl, and {CH23i:0-
cycloatkyl;

R3 is independently selected from

(1} {CRRHC(=0)0C 14 alkyl substituted with 0-5 R®,

(2} {CRIRHNRPRY,

(3} {(CRIRHC(=0YNRR?,

(4) (CRIRHNRC(=0) Crealkyl substituted with 0-5 R®,

(3 (CRIRHNRACEOHCRRYNOC 1galkyl substituted with 0-3 R,
{6) {CR'RH)~R’,

(7) (CR*R*)- OR>, and

(8) (CRIRHNRACEOHCRR R,

R4 is, independently at each occurrence, selected from H, F, C1, NRR?, OC 4 alkvl, and
Cy.4 alkyl; or R* and R* together with the carbon atom to which they are both

attached form Cs.s cycloalkyl substituted with -5 RS
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R is independently at each occurrence, selected from ~{CHz-aryl, (CH2)-Cr
cycloalkyl and -(CHaw-heterocycle comprising carbon atoms and 1-3 heteroatoms
selected from N, NR® 0, and 8, cach substituted with 0-3 RS;

RO is independently selected from H, F, Cl, Br, -ORb,
=0, {CH2C(F=0)R®, -(CH2)C(=0)0RE, (CHpNRR?,

CN, «(CHC(=OINRAR?, Cy 4 alkyl substituted with 0-3 R®, (CH2pa-Cs6
carbocyclyl sabstituted with (-3 R®, and -(CHzje-heteroeyclyl substituted with 0-3
Re

RO i5 independently selected from H, -S(0)pRe, -C(=0)R®, -C(=0INRR?, -C(=0)OR®, -
S{O)pNRPRY, Cy_5 alkyl substituted with 0-3 R® (CH2)s-Cs.6 carbocyelyl
substituted with 0-3 R, and -(CHa}o-heterocyclyl substituted with 0-3 RS

R and R® together with the nitrogen atom to which they are both attached form a
heterocvelic ring comprising carbon atoms and (-3 additional beteroatoms
selected from N, NR® O, and 8, and substituted with 0-5 R%;

R2, at each occurrence, is mdependently selected from H, Cis alkyl substituted with 0-3
RE, (CHon-Cs-ocarbooyelyl substituted with 0-5 R, and -(CHue-heterocyclyl
substituted with 0-5 R®; or R?* and R® together with the nitrogen atom to which
they are both attached form a heterocyclic ring substituted with 0-5 R®;

R® at each occurrence, is independently selected from H, Cis alkyl substituted with 0-5
R®, Ca alkenyl substituted with 0-3 R®, Ci6 alkyoyl substituted with 0-3
RE, «(CH2ju-Ca-1ocarboeyelyl substituted with 0-3 R, and -(CHaw-heterocyclyi
substitated with 0-5 RS,

R®, at each occurrence, is independently selected from Cris alkyl {optionally substituted
with F and Cl}, OH, OCH;s, OCF;, {CH2)n-Cs-6 cycloalkyl, {(CH2)n-Cas
heterocvelvl, {(CHalwarvl, «{(CHzln-heteroaryl, F, Ci, Br, ON, NOo, =0, COH:

r is independently selected from 1 and 2; and

n is independently seiected from zero, 1, 2, and 3.

In another aspect, the present invention provides compounds of Formula (1), or
sterecisomers, enantiomers, diastereomers, fautomers, pharmaceutically acceptable salts,
solvates, or prodrugs thercof, wherein:

R1 is independently selected from F, C1, Br, OH, 0Cy.4 alkyl, OCsscycloalkyl, CN, Ciqg
alkyl, and Csscyeloatkyl;
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RZ is independently selected from -CH2CHCHCHs, -CHCHCH(CH: ),
CH:CHCHLCF;, -CHz-cvclopropyl, -CH:CHz-cyclopropyl, CHoCHCH=CH,,
phenyi {(optionally substituted with F), pyndyl {optionally substituted with Cr.
ratkyl), Cq.5 evcloalkyl, CH2O(CH2)1-3CHs, CH2OCH(CHs )y, and CHO-

5 cyclopropyi;
R3 is independently selected from
{1y -CRR*R’ and
(2) -CRIR-NRAC(=OWCRIRYR,
R* is, independently at each occurrence, selected from H, F, CL, N(CHz), OCH:s, and
10 CHj; or R* and R* together with the carbon atom to which they are both attached
form cyclopropyl;

R5 is independently at each occurrence, selected from

(R®0.3 (R®0.3 (R%)0.3 (R%q.3 (R®0.3

O <t KO O D

(R®).2

(R%03 __(R%s $

/2 SR 5\\5

) ) - J

N b N 2 2
R6a

15 N—O

o L oy

Nan

/ N A
\<\N’N \éme)ez \é(Rs)oz

RGa
N I~ N )\N
A AN
GY) / T (R% / T (R%
N
/ 7 (R%02
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RS is independently selected from H, F, Cl, Br, -OCH;, -OCF;, =0, CN, CHs, CF;s -
{(CHa)w-aryl, -(CHz)-Cs-s cycloalkyl substituted with 0-3 RS
and ~(CHzn-heterocyelyl substituted with 0-3 R,

R62 {5 independently selected from H, CHs, ary! substituted with 0-3 R®, and heterocyelyl
substituted with (-3 R*;

R? at each occurrence, is mdependently selected from H, Cie alkyl substituted with 0-5
RE, {CHz}oCs-10carbocyelyl substituted with 0-5 R®, and -(CHajw-heterocyelyl
substituted with 0-5 RS,

Re, at each occurrence, is independently selected from Crs alkyl (optionally substituted
with F and Ch, OH, OCH;, OCF;, {(CH2)eCs6 cycloalkyl, (CH2)a-Cas
heterocvelyl, {(CHalwarvl, {CHzn-heteroaryl, F. Cl, Br, CN, NG, =0, CO:H;
and

n is independently selected from zero, 1, 2, and 3.

In another aspect, the present invention provides compounds of Formula (Hi), or
sterecisomers, enantiomers, diastereomers, tautomers, pharmaceutically acceptable salts,
solvates, or prodrags thereof, whergin
R! is independently selected from F, Cl, Br, OH, OCHa, OCDs, OCHCH;, OCH(CH:),

O-cyclopropyl, CN, and cvclopropyl;

R? is independently selected from -CH2CHCHLCH:, -CHRCHCH(CH:),,
CH:CHCHLCF;, -CHz-cvclopropyl, -CH:CHz-cyclopropyl, CHoCHCH=CH,,
phenyi {(optionally substituted with F), pyndyl {optionally substituted with C1-
aalkvl), evelobutyl, cyclopentyl, CHzO(CHz)1:CHs, CH2OCH(CH: )2, and CH20-
cyclopropvl;

RY is independently selected from

{1y ~CHz-R> and
(2 —~CH:-NR*C(=0)R",

R is independently at each occurrence, selected from

N<
&~

6

(R%)0-3 R%%s § g /(R Jo-2
2@ g_/ %N 5\<\ j / \\(Re)oz
—_— , \.:/ s N , a.nd e - ’
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RS is independently selected from H, F, CL, Br, -QOCH;, -OCFs, CN, CH;, CFs -
{(CHa)w-aryl, -(CHz)-Cs-s cycloalkyl substituted with 0-3 RS
and ~(CHzn-heterocyelyl substituted with 0-3 R,

R?, at cach occurrence, 1s ndependently selected from H, Ci.e alkyl substituted with 0-5

5 R, «(CH2u~-Ca-1ocarboeyelyl substituted with 0-5 R, and -(CHaw-heterocyclyi
substitated with 0-5 RS,

R®, at each occurrence, is independently selected from (s alkyl (optionally substituted
with F and Cl), OH, OCH:, OCFs, -(CH2)w-Cs-s cyeloalkyl, -(CHzn-Cas
heterocvelyl, «(CHapw-arvl, «{CHzn-heteroaryl, F, CL, Br, ON, NOy, =0, COH;

10 and

n is independently seiected from zero, 1, 2, and 3.

In another aspect, the present invention provides compounds of Formula (Hia):

ot
(v

(itla)
ot stereoisomers, enanfiomers, diastereomers, taufomers, pharmaceutically acceptable
salts, solvates, or prodrugs thereof, wherein:
Rlis independently selected from OCHs and OCDs;
RZ is independently selected from ~CHyCHCH2CHs, -CHCHOCH(CHs ),
20 CH:CHCHCF;, -CHa~cyclopropyl, ~-CH2CHz-cyclopropyl, cvclobutyl,
cyclopentyl, CH2O(CHz2)1-3CH:, and CHOCH(CHz ):

RY is independently selected from

{1y ~CH2-R3 and

{2y ~CH:-NHC(=0)R?,

25 R is independently at each occurrence, selected from
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N<
R
R)o-2

(R%)0.3 R%s s g N
N N s [ S
S R \:—/ ) N , ﬁ.nd —_ ) 3 and

RO is independently selected from H, F, Cl, Br, -OCH;, -OCF;, CN, CH:, and CFs.

In another aspect, the present invention provides compounds of Formula (Hi), or
5 stereoisomers, enantiomers, diastercomers, tautomers, pharmaceutically acceptable salis,
solvates, or prodrugs thereof, whergin:
R! is independently selected from F, Cl, Br, OH, OC1.4 alkvl, OCs.scveloalkyl, CN, Crg
alkvl, and Crseycloalkvl;
R? is independently selected from -CH2CHCHLCH:, -CHRCHCH(CH:),,

16 CHoCHLCHLCEs, -CHa-cyclopropyl, -CH:CHe-cyclopropyl, CHCHRCH=CHy,
phenyl (optionally substituted with F), pyndyvl (optionally substituted with C1-
ratkyl), Cq.5 evcloalkyl, CH2O(CH2)1-3CHs, CH2OCH(CHs )y, and CHO-
cyclopropyi;

R3 is independently selected from
15 (1) (CR*RH}NRER® and
(2) (CRIRMNC(=O)NRERS,
R4 is, independently at each occurrence, selected from H, F, Cl, N(CH3)2, OCH:, and
CHa; or R and R together with the carbon atom to which they are both attached
form Ca cyeloalky! substituted with 0-5 RS;

20 RO is independently selected from H, F, Cl, Br, -OCH:s, -OCF:, =0, CN, CHs, CF: -
(CHow-arvl, (CH2)u-Caes cycloalkyl substituted with 6-3 R®,
and -{CHzh-heterocyelyl substituted with 0-3 RS

R%% is independently selected from H, CHs, aryl substituted with 0-3 R®, and heterocyelyl
substituted with 0-3 RS,

o
[

R? and R® together with the nitrogen atom to which they are both attached form a

heterocyclic ning selected from
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(R%)0.3
(s s 0}_7\(R6)0_3 (R g
N ) o- e-N. 0 o-N N—R®™
/ / , 0
< Rsa 6a
/N S )3\ R
0> (R%0.3 Rz £ N N N N
&-N s 3_N/\7 ) SR i N>/L
— 3 (R%%02 o (R
DN
S
,SJ\N/\IO ,S)\N\ﬂO S (R%)o-2 < Q (R%2 ,S’\N/ ’\
T T 5’\ / j’\N / /16
(R®)o-2 (R%)o2 | (R%)o-2
< N
s BT B BC
N
(R%0-2 — 02 «, —_— 0-2 and . 0-2;

5 R® at each occurrence, is independently selected from Crs alkyl (optionally substituted
with F and Ch, OH, OCH;, OCF;, {(CH2)eCs6 cycloalkyl, (CH2)a-Cas
heterocvelyl, {(CHalwarvl, {CHzn-heteroaryl, F. Cl, Br, CN, NG, =0, CO:H;

r is independently selected from | and 2; and
n 1s independently selected from zero, 1, 2, and 3.
10
In another aspect, the present invention provides compounds of Formula (HI), or
sterecisomers, enantiomers, diastereomers, tautomers, pharmaceutically acceptable salts,
solvates, or prodrags thereof, whergin
Rl is independently selected from OCHs and OCDs;
[5  RZis independently selected from -CH2CHoCHoCHs, -CH2CH2CH(CH ),
CH:CH2CHLCFs, -CHe-cvclopropyl, -CHzCHe-cvclopropyl, CH2CHOCH=CHo,
phenyi {(optionally substituted with F), pyndyl {optionally substituted with {1
2alkyh), cvelopentyl, CHaO(CHR2)13CH3, CHXOCH(CH: o, and CH2O-cyclopropyl;
R3 is independently selected from
20 (1) -CH2-NRPR? and
(2) -CHx-C(=0O)NR*R?,
RO is independently selected from H, F, (1, Br, -OCHz, -OCFs, =0, N, CHa, CFs -
{CHajw-arvl, (CH2)o-Cs-6 cycloalkyl substituted with 0-3 R,
and - CHan-heterocyelyl substituted with 0-3 R,
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R? and R? together with the nitrogen atom to which they are both attached form a

heterocyclic ning selected from

A (R%%s O (R%0.3 Q (R%.
n S s
ol Yo s S ST
_/ —_— , and

R®, at each occurrence, is independently selected from Cis alkyl (optionally substituted

5 with F and Ch), OH, OCH;, OCE;, -(CH2)e-Cs6 cveloalkyl, |(CHopy-Cae
heteroovelvl, {(CHolwraryl, CHo)p-heteroaryl, F, CL Br, CN, NQq, =0, CO:H;
and

n 18 independently selected from zero, 1, 2, and 3.
16 In another aspect, the present invention provides compounds of Formula (V), or

stereoisomers, enantiomers, diastercomers, tautomers, pharmaceutically acceptable salis,
solvates, or prodrugs thereof, whergin:

ring B is independently selected from

(R")14 ‘ (R")1.4
1 =z / /\/
—(R")14 | &HN
S cand XX :

15 R!isindependently selected from HL F, Cl, Br, OCi4 alkyl, ON, and Cis alkyl:
R? is independently selected from -CHyCH2CHCHs, -CHCHCH(CH: ),
CH:CH2CHLCFs, ~ CH2CHOCH=CH>, CH:O{CH2)1-CHas, and CH:OCH(CH:)z;
R3 is independently selected from
(1) - CH2R? and
20 (2) -CH:0R5;

R3 is independently at cach cecurrence, selected from

N<
&~¢"o

6
RO R%s s g K2
é@ 3_\/ X;N 5\<‘] [ \\(Rs)oz
— , — , N . and = o

RS is independently selected from H, F, Cl, Br, -OCH;, -OCF;, =0, CN, CHs, and CF3;
R7 is independently selected from CHs, CH2CHs, CHoCHoCHs, CH(CH: Yo, and

25 CH2OCH:;
and;

n is independently selected from zero, 1, 2, and 3.
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In another aspect, the present ivention provides compounds of Formula (Vi)

(Vb
5 or stercoisomers, enantiomers, diastercomers, tautomers, pharmaceutically acceptable
salts, solvates, or prodrugs thereof, wherein:
ring B is independently selected from

AN FaVaAVy

(R')1s (R4
~ ~ S

= =

and 4
R! is independently selected from H. F, Cl, Br, OC.4 alkyl, CN, and Ci.s alkyl;
10 RZis mdependently selected from -CH2CH2CHCH:, -CHCH2CH(CHS:)s,
CH:CH2CHLCFs, -CHz-cvclopropyl, ~-CH:CHz-cvclopropyi, evclobutyl,
cyclopentyl, CH2O(CH2):-CH3, and CH2OCH(CH:):;
R3 is independently selected from
(1) -CH:-R® and
15 (2) ~CH2-NHC(=0)R’>;

R3 is independently at each occurrence, selected from

N<
&~

6
(R%)0-3 R%s3 s s /(R Jo-2
2@ g 4 KN 5\<‘ ] / \\(RG)O_Z
J— s \:_—/ . N , and — j gmd

R is independently selected from H, F, Cl, Br, -0CHs, -OCF3;, CN, CHs, and CFs.
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5L

i . , . . . N N L ey
In one non-limiting embodiment, ring A is or cming Bis

wane

je)

s R s OCi alkyl: R? is independently selected from: Cios alkyl substituted
with 0-3 R®; Cas alkenyl, and Cus cycloalkyl: provided when R? is Cis alkyl, the carbon
atom gxcept the one attached directly to the pyrinudine ring may be replaced by O, N, and
S; RYis CHu-R5; R? is arvl, Cis cycloatkyl and heteroaryl, each substituted with 0-3 R®;
R is independently selected from: H, F, Cl, Br, -OR®, =0, -(CH2){(=0)R?, -
{CH2CEOYORY, -(CH2)NRRE, CN, (CH2)nC(=0YNRIR?, -S(0)2NHz, Cig alkyl
substituted with 0-3 R®, (CH2)e-Cis carboeyelyl substituted with 0-3 RE,
and -(CHze-heterocyelyl substituted with 0-3 RY R? s independently selected from H,
Cis alkyl substituted with 0-3 R®, {CHz)o-Cs-10carbocyclyl substituted with §-5 RS,
and ~(CHzle-heterocyely! substituted with 0-3 R®; or K® and R* together with the nitrogen
atom to which they are both attached form a heterocyclic ring substituted with 0-3 R®; R®
is independently selected from H, Cis alkyl substituted with 0-3 R®, Cz6 alkenyl
substituted with 0-5 R®, 26 alkynyl substituted with -5 R®, -(CH2)e-Cs-iocarbocyclyl
substituted with 0-3 R®, and -(CHz)s-heterocyelyl substituted with 0-3 R R% g
mdependently selected from Cis alkyl {optionally substituted with F and Cl), OH, OCHs,
OCF;, (CH2)wCas cycloalkyl, (CHa)-Casheterocyclyl, -

{CHuo-aryl, <(CHun-hetercaryl, F, CL Br, CN, NO2, =0, CO:2H; v is independently

sefected from zero, 1, 2, and 3.

wane

R3
O’\< R'] R1
ni\\NfN
In another non-limiting embodiment, ring A 1s ;1ing B s ;

R} is OCig alkyl: R? is independently selected from Cios alkyl substituted with 0-3 R,
and Ci.s cycloatkyl; provided when R? is Ci.s alkyl, the carbon atom except the one
attached directly to the pyrimidine ring may be replaced by O; R is CH2-R®; R¥ is aryl,
Cs-s cycloalky! and heteroaryl, each substituted with 0-3 R®; R is independently selected
from: H, F, Cl, Br, -OR®, =0, «{(CH2C(=OR®, «(CH)C(=0)0R®, (CH2)NRRS,

CN, «{CH2CEOINRRY, -S5{(0O)NH, Crg alkyl sebstituted with 0-3 R®, ({CH2}eCae
carbocyclyl substituted with 0-3 R, and ~(CHz)n-heterocyclyi substituted with 0-3 R®; R®

is independently selected from H, Ci¢ alkyl substitited with 0-3 R, -
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{CH230-Csarocarbocvelvl substituted with 0-5 R, and -(CHzje-heterocyelvl substituted
with (-3 R® or R? and R? together with the nitrogen atom to which they are both attached
form a heterocyclic ring substituted with 0-5 R®; R? is independently selected from H, Cis

alkyl substituted with 0-5 R®, Crs alkenyl substituted with 0-53 R®, Ca alkynyl substituted

substituted with 0-5 R®; R°® s independently selected from Crs alkyl (optionally
substituted with F and C1), OH, OCH;, OCF;3, ~(CH2)u-Cs cycloalkyl, -
{(CHzn-Casheterocyelvl, {(CHowpearyl, -(CHo)wheteroaryl, F, 1, Br, ON, NGy, =0, CO:H;

n is independently selected from zero, 1, 2, and 3.
Pavava v

RS
Z’\<N R! R’
X, -
10 In another non-limiting cmbodiment, ring A is cring Bis ;

R} is OC14 alkyl; R? is independently sclected front: Cig alkyl substituted with 0-3 RE;
Cor. alkenyl, Cis cveloatkyl, and CH2O(CH:):5CHs; R is CH-R>, RP is arvl or

R®)o.
(R%)0.3 (R®0-3 (R%o-3
/ K s_'/ %N g_\//__%
heteroaryi selected from — . \—/ . N= ,
(R%)-2
R S / (R%0-2 (R%0-2
N— = S 0 S
P4 % 7 / /
%—{’ _> s \\/jN s~% ] s~
N ~ A\ \v
N= i R® N N-O i
RS2 R6
¢ ,L R%2 ¢ g /( Jo2 \8§ _SSS\< SSS O R®
. / N
A LA T
[VaVaVAN
5‘ /N\N’RGa és /N\O N)\o
SS_S N. -555 N. N
~ N ~
~ ~ A A N
N/L 6 NN e, //\(R6)0-2 \é(Re)oz //\(R6)0-2
R s R £l s s >
J\ﬁ \f\f\)i RGa
N 7 S N 7 "N
/ \\ [+ / \\\ 6
./ (R%q2 , e Rz . .
. and . R? is independently selected from: H, F, Cl,

Br, -OCH;, ~OCF;, =0, CN, CHs, CF: (CHwearyl, {(CH2)u-Ca-s cveloalky! substituted
with 0-3 R®, and -(CHa)e-heteroeyclyl substituted with 0-3 RS R is independently
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selected from: H, CHz, R®1s independently sclected from Cis alkyl (optionally
substituted with F and C1y, OH, OCHs, OCF;, F, Cl, Br, CN, NO2; n is independently

selected from zero, 1, 2, and 3.

R3
/8"\<N R! R’
N
In another non-limiting embodiment, ring A is cring B s ;

Riis OC14 atkyl; R? is independently selected from: Cia alkyl substituted with 0-3 R¢;
Co-s alkenyl, Cie cveloalkyl, and CH2O(CH2 ) CHs; R is CHz-R?; R is arvl or

(]

6
(R0 Roa N
: : /
I el % s
S \= N

hetergaryi selected from —

(R

R S ~7 (R%o.2

-2
(R%o-2

N— S o S

P4 5'\ 7 / /

/, N

E v_) N 5\<j s~

N— . R 2 > N > 2

6a

R RG
| (R%s (R%02 o 6
ST S \/\/ \ | T
PN N | \ -0 N/kRe \<\N,N _

N\ ~
~N

N
=N
N N 6 NN, 6a 5 e IR
10 R® and R™: R® is independently selected from: H, F, Cl,

Br, -OCH;, -OCF3, =0, CN, CH;, CF3 «(CHoeearvl, «€¢CHo3-Cs-6 cyeloalky] substituted
with 0-3 R®, and ~{CHn)w-heterocyclyl substituted with 0-3 R, R% ig independently
selected from: H, CHs, R 1s independently selected from Cis alkyl (optionally
substituted with F and C1), OH, OCH;, OCFs, ¥, Cl, Br, CN, NQO:; n 1s independently

15 selected from zero, 1, 2, and 3.

wane

R3
Z’\<N R! R’
X, -
In another non-limiting cmbodiment, ring A is cring Bis ;

R is OCi4 atkyl; R? is Crus alkyl or CHRO(CH2 32 CH3 R is CH-RY; R is aryl or

6
(RG) g (RG) g (R )0-3
y /\ 0-3 y %N 0-3 g_\//’—_%
) \.:‘/ , N=

heteroary! selected from —
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-3

\

N= . RS is independently selected from: H, F, Cl, Br, -OCH;, -OCF;, CN,
CHs, and CFs.

e

R3
z’\<N R! R’
X .
. . . . bz'z,’ N . . ]
In another non-limiting embodiment, ring A is ring B 1s ;R

is independently sclected from Et and OMe; R® is independently selected from -

5 CHeCHoCHRCHs, ~-CH2CHCH(CH: 2, ~-CH2 OCH{CHs), ~-CH20Cs-6 eycloalkyl, -

Cqalkyl Cs.6 cycloalkyl
AN AN
hal ~N ~N
OO D
CH2CH2 s eycloalkyl, Cas cyeloalkyl, — , = . = ,

Cqzalkyl Cq.zalkyl
N N
Ty Tot

the nitrogen atom fo which they are both attached form a heterocvelic ring selected from

0O 6 6 6
(R”)o-3 O (R)o-3 Q (R%,.
) > W
-N O N Y SN
\__/ . — . and :
16 ROis independently selected from H, F, Cl1, Br, -OCH:, -OCF2, =0, CN, CHy, CF; -
{CHayeearyl, «(CH2}n-Cres cveloalkyl substituted with 0-3 R®, and -{CHzle-heterocyclyl

: R is — {CH2)o- 1 NRPRS, wherein R? and R together with

substituted with 0-3 R®; R®, at cach occurrence, 1s independently selected from Cis alkyl

{optionally substituted with F and (1), OH, OCH;, OCF;, «(CHo-Css

cycloalkyl, (CHz3e-Cae heterocyelyl, «{CHzhearyl, {CHz-heteroaryl, F, Cl, Br, CN|
15 NO», =0, CO:H.

Snnane

R3
z’\<N R! R!
J I
In another non-himiting embodiment ring A is ring B 1s R

is independently selected from Et and OMe; B? is independently selected from -
CHCHCH:CH, ~CHXCHoCH(CH:R Y2, -CH2 OCH(CH: )y, -CH2 0376 cvcloalkyl, -
Cq-galkyl C3. cycloalkyl

O D 0
CHyCH C 36 cveloalkyl, Cas cycloalkyl, 7 \= , = . = ,
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Cysalkyl C4.zalkyl
N

S\/)— %} S s RYs — (CHRYo 1 C(=0)NRORE, wherein R® and R® together

B

with the nitrogen atom to which they are both attached form a heterocyclic ring selected

A R%s Oy (R O (R%.
%_N}_ﬂ/\o 2_’\?\___‘\/\)( Jo-3 SJ{N@/( Jo-2
from / R — .and ;
RS is independently selected from H, F, Cl, Br, -OCH;, -OCF;, =0, CN, CHs, CF;s -

5 (CHawaryl, {(CHo-Cas cycloalkyl substituted with 0-3 R®, and (CHaw-heterocyclyl
substituted with 0-3 R®; R® at cach occurrence, 1s independenily selected from Cis atkyl
{optionally substituted with F and Cl), OH, OCH:, OCFs, -{CH2ju-Cs-6
NO», =0, and COH.

10 in another non-limiting embodiment of formula (V), ring B is independently

selected from
Favaval

GUM N‘W (R")14
1 4 4 /\/
— (R )14 | ”N
IS Jand X . R! is independently selected from H,

F. Cl, Br, OCus alkyl, N, and Ci.4 alkvl; R? s independently selected froni -
CH2CH2CHLCHG; RO is -CHRRS: RY is independently at each occurrence, selected from

4
6
R%s s s (R%o-2

i (R%0.3 i s A
2 / /\ 3_’/ AN S —< j / ~L 06
< _ \N__/ N ) Rz

15 , and .
RS is independently selected from H, F, CL, Br, -OCH3, -OCFs, =0, CN, CHs, and CF3;
R7 is independently selected from CHs, CHa(CHz, CH2CH:CHs, CH(CH:)2, and
CH;OCH:.
20 The invention may be embodied in other specific forms without departing from

the spirit or essential attributes thereof. This invention also ¢ncompasses all
combinations of alternative aspects of the imvention noted herein. |t is understood that
any and all embodiments of the present mvention may be taken i conjunction with any
other embodiment to describe additional embodiments of the present invention.

25 Furthermore, any elements (jncluding individual variable definitions) of an embodiment
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are meant to be combined with any and all other clements from any of the embodiments

to describe additional embodiments. The present invention also provides a

pharmaceutical composition comprising a compound of formula §, or an cnantiomer,

diastercomer, or a pharmaceuticallv-acceptable salt, and a pharmaceutically acceptable
5 carner therefore.

In another embodiment, the compounds of the present invention have ECso values
< 10 uM, vsing the APT he AMP assav disclosed herein, preferably, ECso values £ 5 uM,
more preferably, ECse values £ 1 pM, even more preferably, ECso values 0.5 uM, even
more preferably, ECso values € 0.1 uM, even more preferably, ECso values < 0.01 puM.

10 in another aspect, the present invention provides compounds selected from any
subset list of compounds exemphified i the present application.
In another aspect, the present invention provides compounds selected from the
subset in which the AP hcAMP ECse potency range is A
In another aspect, the present invention provides compounds selected from the
15 subset in which the APJ he AMP ECse potency range is B.
In another aspect, the present invention provides compounds selected from the

subset in which the APS heAMP ECso potency range is C.

il OTHER EMBODIMENTS OF THE INVENTION
20 In another embodiment, the present invention provides a composition comprising
at least one of the compounds of the present mvention or a stercoisomer, a tautomer, a
pharmaceutically acceptable salt, or a solvate thereof.
In another embodiment, the present invention provides a pharmaceutical
coraposition comprising a pharmaceutically acceptable carrier and at least one of the
25 compounds of the present invention or a stereoisomer, a tautomer, a pharmaccutically
acceptable salt, or a solvate thereof
In another embodiment, the present invention provides a pharmaceutical
composition, comprising a pharmaceutically acceptable carnier and a therapeutically
effective amount of at least one of the compounds of the present invention or a
30 sterecisomer, a tautomer, a pharmaceutically acceptable salt, or a solvate thereof.
In another embodiment, the present invention provides a process for making a
corapound of the present invention or a stercoisomcr, a tantomer, a phammaceutically

acceptable salt, or a solvate thercof
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In another embodiment, the present invention provides an intermediate for making
a compound of the present mvention or a stercoisomer, a tautomer, a phammaceutically
acceptable salt, or a solvate thercof

¢ present invention provides a pharmaceutical composition further comprising
additional therapeutic agent(s). In a preferred embodiment, the present invention
provides pharmaceutical composition, wherein the additional therapeutic agent is, for
example, angiotensin converting enzyme (ACE) inhibitor, B-adrencrgic receptor blocker,
angiotensin [ receptor blocker, diuretic, aldosterone antagonist and digitalis compound.

In another embodiment, the present invention provides a method for the treatment
and/or prophylaxis of multiple discases or disorders associated with APJ or apelin
activity, comprising administering to a patient in need of such treatment and/or
prophylaxis a therapeutically effective amount of at least one of the compounds of the
present invention, alone, or, opticnally, in combination with another compound of the
present invention and/or at least one other type of therapeutic agent.

Examples of discases or disorders associated with the activity of the APJ and
apehin that can be prevented, modulated, or treated according to the present invention
mehude, but are not limited to heart fathire such as acute decompensated heart failure
{ADHF), atnial fibrillation, coronary artery discase, peripheral vascular discase,
atherosclerosis, diabetes, metabolic syndrome, hypertension, pulmonary hypertension,
cerebrovascular disorders and the sequelag thereof, cardiovascular disorders, angina,
1scheria, stroke, mvocardial infarction, acute coronary syndrome, reperfusion injury,
angioplastic restenosis, vascular complications of diabetes and obesity.

In another embodiment, the present invention provides a method for the treatment
and/or prophylaxis of heart failure, coronary artery disease, penipheral vascular disease,
atherosclerosis, diabetes, metabolic syndrome, hypertension, pulmonary hyperiension,
atrial fibrillation, angina, 1schemia, stroke, mvocardial infarction, acute coronary
syndrome, reperfusion injury, angioplastic restenosis, vascular complications of diabetes,
obesity, compnsing administering to a pationt in need of such treatment and/or
prophylaxis a therapeutically effective amount of at least one of the compounds of the
present mvention, alone, or, optionally, in combination with another compound of the
present invention and/or at least one other type of therapeutic agent.

In another embodiment, the present invention provides a method for the treatment
and/or prophylaxis of heart failure such as ADHF, comprising administering o a patient

in need of such treatment and/or prophylaxis a therapeutically effective amount of at least
47



WO 2017/106396

10

20

oneg of the compounds of the present invention, alone, or, optionally, in combination with
another compound of the present invention and/or at least one other type of therapeutic
agent.

In another embodiment, the present invention provides a method for the treatment
and/or prophylaxis of diabetes and obesity, comprising adnunistering o a patient in need
of such treatment and/or prophylaxis a therapeutically effective amount of at least one of
the compounds of the present mvention, alone, or, optionally, in combination with
another compound of the present mvention and/or at least one other type of therapeutic
agent.

In another embodiment, the present invention provides a method for the treatment
and/or prophviaxis of hvperiension, comprising administering to a patient in need of such
treatment and/or prophylaxis a therapeutically effective amount of at least one of the
compounds of the present invention, alone, or, optionally, in combination with another
compound of the present invention and/or at least one other tvpe of therapeutic agent.

In another embodiment, the present invention provides a method for the treatment
and/or prophylaxis of pulmonary hypertension, comprising administering to a patient in
need of such treatment and/or prophylaxis a therapeutically effective amount of at least
one of the compounds of the present invention, alone, or, optionally, in combination with
another compound of the present invention and/or at least one other type of therapeutic
agent.

In another embodiment, the present invention provides a method for the treatment
and/or prophvlaxis of acute coronary syndrome and cardiac ischenua, comprising
administering to a patient in need of such treatment and/or prophylaxis a therapeutically
effective amount of at least one of the compounds of the present invention, along, or,
optionally, i combination with ancther compound of the present invention and/or at least
one other type of therapeutic agent.

In another embodiment, the present invention provides a compound of the present
mvention for use in therapy.

In another embodiment, the present invention provides compounds according to

the present invention for use as a medicament,

In another embodiment, the present invention provides a compound of the present
mvention for use in therapy for the treatment and/or prophyviaxis of multiple diseases or

disorders associated with APJ and apelin.
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In another embodiment, the present invention also provides the use of a compound
of the present invention for the manufacture of a medicament for the treatment and/or
prophylaxis of multiple diseascs or disorders associated with APJ and apelin.

In another embodiment, the present invention provides a method for the treatment
and/or prophylaxis of multiple diseases or disorders associated with APJ and apelin,
comprising administering to a patient i need thereof a therapeutically effective amount
of a tirst and second therapeutic agent, wherein the first therapeutic agent is a compound
of the present invention. Preferably, the second therapeutic agent, for example selected
motropic agent such as B-adrenergic agonist (for example dobutamine).

In another embodiment, the present invention provides a combined preparation of
a compound of the present invention and additional therapeutic agent(s) for simultancous,
separate or sequential use m therapy.

In another embodiment, the present invention provides a combined preparation of
a compound of the present invention and additional therapeutic agent(s) for simultancous,
separate or sequential use in the treatment and/or prophylaxis of multiple diseases or
disorders associated with APJ and apelin.

Where desired, the compound of the present invention may be used in
combination with ong or more other tvpes of cardiovascular agents and/or one or more
other tyvpes of therapeutic agents which may be administered orally in the same dosage
form, 1n 3 separate oral dosage form or by imjection. The other type of cardiovascular
agents that may be optionallv emploved in combination with the APJ agonist of the
present imvention may be one, two, three or more cardiovascular agents administered
orally in the same dosage form, in a separate oral dosage form, or by njection to produce
an additional pharmacological benefit.

The compounds of the present invention may be craploved in combination with
additional therapeutic agent(s) selected from one or more, preferably one to three, of the
following therapeatic agents: anti-hypertensive agents, ACE mhibitors, mineralocorticoid
receptor antagonists, angiotensin receptor blockers, calcium channel blockers, §-
adrenergic receptor blockers, diurctics, vasorelaxation agents such as nitrates, anti-
atherosclerotic agents, anti-dyshpidemic agents, anti-diabetic agents, anti-hyvperglycemic
agents, anti-hyperinsulinemic agents, anti-thrombotic agents, anti-retinopathic agents,
anti-neuropathic agents, anti-nephropathic agents, anti-ischemic agents, calcium channel
blockers, anti-obesity agents, anti-hyperlipidemic agents, anti-hvpertriglyeendemic
agents, anti-hvpercholesterolemic agents, anti-restenotic agents, anti-pancreatic agents,
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lipid lowering agents, anorectic agents, memory enhancing agents, anti-dementia agents,
cognition promoting agents, appctite supprossants, agents for treating heart faiture, agents
for treating peripheral arterial disease, agents for treating malignant tumors, and anti-
mflammatory agents.

In another embodiment, additional therapeutic agent(s) used in combined
pharmaceutical compositions or combined methods or combined uses, are selected from
one or more, preferably one to three, of the following therapeutic agents in treating heart
fatlure: ACE inhibitors, B-blockers, daretics, mineralocorticoid receptor antagomists,
renin inhibttors, calcim channel blockers, angictensin I receptor antagonists, mitrates,
digitabis compounds, inotropic agents.

The present invention may be embaodied m other specific forms without parting
from the spirit or essential attributes thereof. This invention encompasses all
combinations of preferred aspects of the invention noted berein. It is understood that any
and all embodiments of the present invention may be taken i conjunction with any other
embodiment or embodiments to describe additional embodiments. |t is also understood
that cach individeal element of the embodiments 13 its own independent embodiment.
Furthermore, any clement of an embodiment is meant to be combined with any and all

other clements from anv embodunent to describe an additional embodiment.

. CHEMISTRY

Throughout the specification and the appended claims, a given chemical formula
or name shall encompass all stereo and optical 1somers and racemates thereof where such
isomers exist. Unless otherwise mdicated, all chiral (enantiomeric and diastereomeric)
and racemic forms are within the scope of the invention. Manyv geometric isomers of
C=C double bonds, C=N double bonds, ring systems, and the like can also be present in
the compounds, and all such stable 1somers are contemplated in the present mvention.
Cis- and trans- {or £~ and Z-) geometric somers of the compounds of the present
mvention are described and may be isolated as a mixture of isomers or as separated
isomeric forms. The present compounds can be 1solated in optically active or racemic
forms. QOptically active forms may be prepared by resclution of racemic forms or by
synthesis from optically active starting materials. All processes used to prepare
corapounds of the present invention and ntermediates made therein are considered to be
part of the present invention. When enantiomeric or diastereomeric products are
prepared, they may be separated by conventional methods, for example, by
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chromatography or fractional crystallization. Depending on the process conditions the end
products of the present invention are obtained either in free (neutral} or salt form. Both
the free torm and the salts of these end products are within the scope of the invention. If
so desired, one form of a compound may be converted into another form. A free base or
acid may be converted into a salt; a salt may be converted into the free compound or
ancther salt; a nuxture of isomeric compounds of the present invention may be separated
mto the individual isomers. Compounds of the present mvention, free form and salts
thereot, may exist in muliiple tautomeric forms, in which hydrogen atoms are transposed
to other parts of the molecules and the chemical bonds between the atoms of the
molecules are consequently rearranged. [t should be understood that all tauvtomeric forms,
msofar as they may exist, are included within the invention.

As used herein, the term "alkyl” or "alkylene” is intended to include both
branched and straight-cham saturated aliphatic hydrocarbon groups having the specified
number of carbon atoms. For examples, "Cj to Cy alkvl” or "Cy 2 alkyl” (or alkviene),
1s intended to include Ty, Cy, s, Ty, Cs, Cg, Cr. Ca. Co. Cyg, €y and Cy5 alkyi groups;
“Cyto Crg alkyl” or "Cyqg alkyl” {or alkylene), 1s intended to inclade Cy, Cs, Cg, Co, Cy,
Co, Cig. €11, Cpp. Cys. Cuy. Cys. Chg. Cyp, and Cyg alkyl groups. Additionally, for
example, "Cj to Cq alkyl” or "Cy ¢ alkyl" denotes alkyl baving 1 to 6 carbon atoms.

Alkvl group can be unsubstituted or substituted with at least one hydrogen being replaced
by another chemical group. Example alkyl groups include, but are not limited to, methyl

(Mg}, ethyl (Ef), propyl {e.g., n-propv! and 1sopropyl), butyl {e.g., n-butyl, isobutyl

-butyl}, and pentyl {e.g., n-pentyl, isopentyl, neopentyl). When "Cg alkyl” or
"Cy atkviene” is used, it is intended to denote a direct bond.

“Alkenyl" or "alkenvlenc” is intended to nclade hydrocarbon chains of either
straight or branched configuration having the specified number of carbon atoms and one
or more, preferably one to two, carbon-carbon double bonds that may occur in any stable
point along the chain. For example, "C, to Cy alkenyl” or "Cy ¢ alkenyl” {or alkenvlenc),
18 intended to include Cy, Cs, Cy, Cs, and €, alkenvl groups. Examples of alkenyl
melude, but are not limited 1o, ethenyl, I-propenyl, 2-propenyl, 2-butenyl, 3-butenvl,
2-pentenyl, 3, pentenyl, 4-pentenvl, 2-hexenyl, 3-hexenyl, 4-hexenyl, 5-hexenvl,
2-methvi-Z-propenvl, and 4-methvi-3-pentenyl.

"Alkvoyl" or "altkynylenc” is intended to include hydrocarbon chains of either

straight or branched configuration having one or more, preferably one to three,
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carbon-carbon triple bonds that may occur in any stable point along the chain. For
example, "C, to Cg alkvnyl” or "Cy ¢ alkynyl” {or alkvnylene), 1s intended to include C,,
Cs, €y, Cs, and Cg alkvnyl groups; such as ethynyl, propynyl, batynyl, pentynyl, and
hexynvl
5 When the term "hydrocarbon chain” is used, it is intended to include "alkyl®,

"alkenyl” and "atkyayi", unless otherwise specified.

The term "alkoxy” or "alkvloxy" refers to an -O-alky! group. For example,
"C o Cg alkoxy” or "Cy 4 alkoxy” (or alkvloxy), 1s mtended to mclude €, Cy, Cs, Cy,
Cs, and Cy, alkoxy groups. Example alkoxy groups mchude, but are not limited to,

10 methoxy, cthoxy, propoxy {e.g., n-propoxy and isopropoxy}, and ~butoxy. Similarly,
"alkyithio" or "thioalkoxvy" represents an alkyl group as defined above with the mdicated
number of carbon atoms attached through a sulphur bridge; for example methyl-S- and
ethyi-S-.

"Halo” or "halogen” inciudes fluoro, chloro, bromo, and iodo. "Haloalkyl" 1s

15 mtended to melude both branched and straight-chaim saturated aliphatic hydrocarbon
groups having the specified number of carbon atoms, substituted with 1 or more halogens.
Examples of haloalkvl include, but are not limited to, fluoromethyl, diffuoromethyl,
trifluoromethyl, trichloromethyl, pentafluorocthvl, pentachloroethyl, 2.2, 2-trifluorocthyl,
heptafluoropropyl, and heptachloropropyl. Examples of haloalkyl also melude

20 "fluoroalkyl"” that is intended to include both branched and straight-chain saturated
aliphatic hvdrocarbon groups having the specified number of carbon atoms, substituted
with 1 or more fluorine atoms.

"Haloalkoxy" or "haloalkyloxv” represents a haloalkvl group as defined above
with the mdicated number of carbon atoms attached through an oxygen bridge. For

25 example, "Cj g haloalkoxv", 1s intended to include €y, Gy, Gy, €y, Cs, and Cg haloalkoxy
groups. Examples of haloalkoxy include, but are not limited to, trifluoromethoxy,

2.2 2-rifluorocthoxy, and pentathuorothoxy. Similarly, "haloalkvithio” or
"thichaloalkoxy"” represents a haloalkyl group as defined above with the indicated nomber
of carbon atoms attached through a sulphur bridge; for example uifluoromethyl-S-, and

30 pentafluorcethyl-5S-.

The term "cycloalkyl” refers to cvelized alkyl groups, inclading mono-, bi- or
poly-cychic ring systems. For example, "Cs to Cy cycloalkyl” or "Cq g cycloalkyl” is
mtended to mclude Cg, Cy, Cs, and y cycloalkyl groups. Example cycloalkyl groups
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melude, but are not limited to, cvclopropyl, cvclobutyl, cyvclopentyl, cyclohexyl, and
norbornyl. Branched cycloalkyl groups such as 1-methyicyclopropyl and
2-methyleyclopropyl are included in the definition of "cycloalkyl”. The term

"cycloalkenyl" refers to cychized alkenvl groups. Cy.4 cvcloalkenyl 1s intended to melude

(o

Cy, Cs, and C¢ cvcloalkeny] groups. Example cycloalkenyl groups include, but are not
lmited to, cvelobutenvl, cyclopentenyl, and cvelohexenyl.
As used herein, "carbocvele”, “carbocyclvl”, or "carbocyclic residue” 1s intended
to mean any stable 3, 4+ 5- 6+ 7-, or 8-membered monocyclic or bicychic or 7-, 8-, 9+,
10-, 11-, 12-, or 13-membered bicyclic or tricyelic hydrocarbon ring, any of which may
10 be saturated, partially unsaturated, unsaturated or aromatic. Examples of such
carbocvcles include, but are not imited to, cvelopropyl, cyclobutyl, cyclobutenyl,
cyelopentyl, cyclopentenyl, cyclohexyl, eyvcloheptenyl, cycloheptyl, cveloheptenyl,
adamantyl, cyclooctyl, cyclooctenyl, cyclooctadienyl, {3.3 Olbicyclooctane,
[4.3.0bicyclononane, [4.4.0}bicyclodecane (decalin), [2.2.2]bicyclooctane, fluorenyl,
15 phenyl, naphthyl, indanyl, adamantyl, anthracenyl, and tetrahydronaphthyi (tetralin}. As
shown above, bridged rings are also included in the definition of carbocycle (e g,
[2.2 2}bicyclooctane). Preferred carbocveles, unless otherwise specified, are cvclopropyl,
cyclobutyl, cyclopentyl, cvclohexyl, phenyl, mdanyl, and tetrahvdronaphthyl, When the
term "carbocyele" 18 used, it 15 intended to include "arvl" A bnidged ring occurs when
20 one or more, preferably one to three, carbon atoms link two non-adjacent carbon atoms.
Preforred bridges are one or two carbon atoms. It is noted that a bridge always converts a
monocvelic nng into a tricyclic ning. When a ring is bridged, the substituents recited for
the ring may also be present on the bndge.

As used herein, the term "bicvcelic carbocycle” or "bicyelic carbocvelic group” is

[
L

mtended to mean a stable 9- or 10-membered carbocyclic ring system that contains two
fused rings and consists of carbon atoms. Of the two fused rings, one ning is a benzo ring
fused to a second ring; and the second ring is a 5- or 6-membered carbon ring which is
saturated, partially unsaturated, or unsaturated. The bicyclic carbocyelic group may be
attached to its pendant group at any carbon atom which results i a stable structure. The
30 bicyehe carbocyclic group described herein may be substituted on any carbon if the
resulting compound 1s stable. Hxamples of a bicyelic carbocyclic group are, but not

fmited to, naphthvl, 1.2-dihydronaphthyvl, 1,2,3,4~tetrahvdronaphthvl, and indanvi.
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"Arvl" groups refer to monocvelic or bicvelic aromatic hydrocarbons, including,
for example, phenvl, and naphthyl. Arvl moieties are well known and described, for
example, in Lewis, R.]., ed., Hawley's Condensed Chemical Dictionary, 15th Edition,
John Wiley & Sons, Inc., New York (2007}, "Cq.qq arvl” refers to phenyl and naphthyl.

The term "benzvl”, as used herein, refers to a methyl group on which one of the
hydrogen atoms 1s replaced by a phenyl group.

As used herein, the term "heterocycle”, "heteroeyclyl”, or "heterocyclie groap” is
mtended to mean a stable 3-, 4-, 5-, 6~ or T-membered monocyelic or bicyclic or 7-, 8-,
9-, 10~, 11-, 12-, 13-, or 4-membered polvevehic heterocyclic ring that is saturated,
partially unsaturated, or fully unsatarated, and that contains carbon atoms and 1,2, 3or 4
heteroatoms independently selected from the group consisting of N, O and §; and
mcluding any polyevelic group in which any of the above-defined heterocyclic rings is
fused o a benzene ring. The nitrogen and sulfur heteroatoms may optionally be oxidized
(i.e., N—O and S(0)y, wherein p is 0, T or 2). The nitrogen atom may be substituted or
unsubstituted (7.e.. N or NR wherein R 1s H or another substituent, 1f defined). The
heterocvclic ring may be attached to its pendant group at any hetercatom or carbon atom
that results in a stable structure. The heterocyclic rings described herein may be
substituted on carbon or on a nitrogen atom if the resulting compound is stable. A
nitrogen in the heterocyele may optionally be quatermized. It 1s preferred that when the
total number of 5 and O atoms in the heterocycle exceeds 1, then these hetercatoms are
not adjacent to one another. [t is preferred that the total number of 5 and O atoms in the
heterocvele 1s not more than 1. When the term "heterocvele” 15 used, it is mntended to
mnclude heteroaryl,

Examples of heterocycles include, but are not limited to, acridinyl, azetidinyi,
azocinvi, benzimidazolyl, benzofuranvi, benzothiofuranyl, benzothiophenvi,
benzoxazolyl, benzoxazolinyl, benzthiazolyl, benztriazolvl, benztetrazolyl,
benzisoxazolyl, benzisothiazolyi, benzimidazolinyl, carbazolvl, 4aH-carbazolvl,
carbolinyl, chromanyl, chromenvl, cinnolinyl, decahydroguinolinyl,
2H 6H-1,5,2-dithiaziny], dihydrofuro{2,3-bjtetrabvdrofuran, furany], furazanyvl,
tmidazohdinyl, imidazoliny], udazolyl, VH-indazolyl, imidazolopyridinyl, indolenyl,

mdolinyl, mdolizinyl, indolyl, 3H-indolvl, isatinoyl, isobenzoturanvi, isochromanvi,

1soindazolyl, isomdolinyl, isoindolvl, isoquinolinyl, isothiazolyl, isothiazolopyridinyl,

1soxazolyl, 1soxazolopyridinyl, methyienedioxyphenvi, morpholiny, naphthyridinyl,
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octahvdroisoquinolinyi, oxadiazolvi, 1,2.3-oxadiazolvl, 1,2 4-oxadiazolyl,

1.2, 5-oxadiazolvl, 1.3, 4-oxadiazolyl, oxazolidinyl, oxazolvl, oxazolopyndinvi

oxazolidinyiperimidinyl, oxmdolyi, pyrimidiny!, phenanthndinvi, phenanthrolinyi,
phenazinvi, phenothiazimyl, phenoxathiinvl, phenoxazinyl, phthalazimyl, piperazinyl,
piperidinyl, piperidonyl, 4-piperidonyl, piperonyl, ptenidinyl, purinyl, pyranyl, pyrazinvl,
pvrazolidinvi, pyrazolinvl, pvrazolopyridinyl, pyvrazolvi, pyndazinyi, pyndooxazolvi,
pyvridoimidazolyl, pyridothiazolyl, pyridinyl, pyrinudinyl, pyrrolidinyl, pyrrolinvl,
2-pyrrohidonyl], 2H-pyrrolvl, pyrrolyl, guinazolinyl, quinolinvl, 4H-quinolizinyl,
gquinoxalinyl, quinuchidinyl, tetrazolyl, tetrahydrofuoranyl, tetrahvdroisoquinolinyl,
tetrahydrogquinohinyi, 6H4-1.2 S-thiadiazinyl, 1.2, 3-thiadiazolyl, 1,2 4-thiadiazclyl,

1,2, 5-thiadiazolvl, 1,3,4-thiadiazolyl, thianthrenvl, thiazolvl, thienvl, thiazolopyndinyi,
thienothiazolvl, thienocoxazolvl, thienomidazolyl, thiophenvl, triazinyl, 1,2 3-triazolyvi,
1.2 4-triazolyl, 1.2 S-triazolvl 1.3 4-triazolyl, and xanthenvl Also mchuded are fused
ring and spiro compounds containing, for example, the above heterocycles.

Examples of 5~ to 10-membered heterocycles include, but are not himited to,
pyridinyl, furanyl, thienyl, pyrrolyl, pyvrazolyl, pyrazinyl, piperazinyl, piperidinyvl,
imidazolyl, imidazolidinyl, indolyl, tetrazolyl, isoxazolvl. morpholinyl, oxazolyi,
oxadiazoiyl, oxazolidinyl, tetrabvdrofuranyl, thiadiazinyi, thiadiazolyl, thiazolvl,
triazinyvl, triazolvl, benzimidazolyl, 1H-indazolyvl, benzofuranyl, benzothiofuranyl,
benztetrazolyl, benzotriazolvl, benzisoxazolyl, benzoxazolyl, oxindolyl, benzoxazolinyl,
benzthiazolyl, benzisothiazolyl, isatinovl, isoguinolinyl, octahydroisoguinolinyl,
tetrahvdroisoquinolinyl, tetrahydroguinolinyl, 1soxazolopyridinyl, quinazolinyl,
quinolinyl, isothiazolopyridinyl, thiszolopyridiny], oxazolopyridinyl, imidazolopyridinyl,
and pyrazolopynidinyl.

Examples of 5- 10 6-membered heterocveles include, but are not limited to,
pyvridmyl, furanvl, thienvi, pyrrolvl, pyrazolyl, pyrazinyl, piperazinvl, pipendmyl,
tmidazolyl, imidazelidinyl, mdolyl, tetrazolyl, isoxazolyl, morpholinyl, oxazolyl,
oxadiazolyl, oxazclidinyl, tetrahydrofuranyl, thiadiazinyi, thiadiazolyl, thiazolyl,
triazinvl, and triazolvl. Also included are fused ring and spiro compounds containing, for
example, the above heterocyeles.

As ased herein, the torm "bicychic heteroeycle” or "bicyclic hetercoychic group” is
ntended o mean a stable 9- or 10-membered heterocvelic ring systom which contains
two fused rings and consists of carbon atoms and 1, 2, 3, or 4 heteroatoms independently
sclected from the group consisting of N, O and §. Of the two fused rings, one ring is a
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5- or 6-membered monocyclic aromatic ring comprising a S-membered heteroarvi ring, a
6-memibered hetercaryl ring or a benzo ring, cach fiused to a second rng. The second ring
is a 3- or 6~membered monocvelic ring which is saturated, partially unsaturated, or
unsaturated, and comprises a S-membered heterocvele, a 6-membered heterocyele ora
5 carbocycle (provided the first ring 18 not benzo when the second ring 15 a carbocycle).
The bigyclic heterocyclic group may be attached to its pendant group at any
heteroatom or carbon atom which results in a stable structure. The bicvelic heterocyclic
group described herein may be substituted on carbon or on a nitrogen atom if the resulting
compound is stable. It is preferred that when the total number of § and O atoms i the
10 heterocyele exceeds 1, then these heteroatoms are not adjacent to one ancther. ltig
preforred that the total number of 8 and O atoms 1o the heterocycle is not more than 1.
Examples of abicyclic heterocyclic group are, but not limited to, gqumolinyl,
isoquinolinyi, phthalazinv, quinazolinyl, indolyl, isoindolyvl, mdolinyl, 1H4-indazolvi,
benzimidazolyl, 1,2.3 4-tetrahydroquinolinyl, 1,2,3 4-tctrabydroisoquinolinvl,
15 3,6,7 8<tetrahydro-gquinolmyl, 2,3-dihvdro-benzofuranyl, chromanyi,
1,2,3 4-tetrahydro-guinoxalinyl, and 1,2.3 4-tetrahvdro-guinazolinyl.
As ased herein, the torm "aromatic heterocyclic group” or "heteroary!” is intended
to mean stable monocyclic and polyeyelic aromatic hydrocarbons that include at least one
heteroatom ring member such as sulfur, oxygen, or mtrogen. Hetercaryl groups include,

20 without limitation, pyridvl, pynmudinyi, pyrazinyl, pyridazinyl, triazinyl, furyl, quinolvi,
1soquinolyl, thienyl, imidazolvl, thiazolyl, indolyl, pyrrovl, oxazolvl, benzoforvl,
benzothienvl, benzthiazolyl, isoxazolvl, pvrazolyl, triazolvl, tetrazolvl, indazolvi,

1,2 d-thiadiazolyl, isothiazolyl, purinyl, carbazolyl, benzimidazolyl, indolinyl,
benzodioxolanyl, and benzodioxane. Hetercary! groups are substitoted or unsubstitoted.

25 The nitrogen atom is substituted or unsubstituted (7.e., N or NR wherein R is H or another
substituent, if defined). The mitrogen and sulfur heteroatoms may optionally be oxidize
{ie., N=Cand S(Q)p, whereinpis 0, 1 or 2).

Examples of 5- to 6-membered heteroarvls inchide, but are not imited to,
pvridinyl, furanvl, thienvl, pyrrolvi, pyvrazolyl, pyvrazinyl, imidazolyl, imidazolidinyl,

30 tetrazolvi, isoxazolvl, oxazolvl, oxadiazolyl, oxazolidinvl, thiadiazinyl, thiadiazolyi,
thiazolyl, inazinvl, and triazolyl.

Bridged rings are also included in the definition of heterocycle. A bridged ring
ocours when one or more, preferably one to three, atoms {fe., C, §, N, or 8} link two

non-adjacent carbon or nitrogen atoms. Exaraples of bridged rings include, but are not
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himited to, one carbon atom, two carbon atoms, one nitrogen atom, two nifrogen atoms,
and a carbon-pitrogen group. it is noted that a bridge always converts a monocyclic ring
o a tricvelic ring. When a ring 1s bridged, the substitucnts recited for the ring may also
be present on the bridge.

The term “counter ion" is used to represent a negatively charged species such as
chloride, bromide, hydroxide, acetate, and sulfate or a positively charged species such as
sodium (Na+}, potassium {K+), ammmonium (R, NH,+ where n=0-4 and 10=0-4} and the
fike.

When a dotted ring 1s used within a ring structure, thas indicates that the ring
structure may be saturated, partially saturated or unsaturated.

As used herein, the term "amine protecting group” means any group known in the
art of organic synthesis for the protection of amine groups which 1s stable to an ester
reducing agent, a disubstituted hydrazine, R4-M and R7-M, a nucleophile, a hydrazine
reducing agent, an activator, a strong base, a hindered amine base and a cvclizing agent.
Such amine protecting groups fitting these criteria include those listed in Wuts, PG M. et
al., Protfecting Groups in Organic Synthesis, 4th Edition, Wiley (2007) and The Pepiides.
Analvsis, Synthesis, Biology, ¥Vol. 3, Academic Press, New York (1981}, the disclosure of
which ig hereby incorporated by reference. Examples of amine protecting groups include,
but arc not hmited to, the following: (1} acyl tvpes such as formyvl, tnfluorcacetyl,
phthalvl, and p-toluencsulfonyl; (2) aromatic carbamate tvpes such as benzvloxvearbonyl
{Cbz} and substituted benzyloxycarbonyls, 1-(p-biphenyl}-1-methyvlethoxvearbonyl, and
S-flusrenyimethyvloxycarbonyl (Frmoc); (3) aliphatic carbamate types such as
fert-butvloxycarbonyl (Boc), ethoxyearbonyl, ditsopropvlmethoxyearbonyl, and
allyloxyearbonyl; (4) cvelic alky] carbamate tvpes such as cvclopentyloxycarbonyl and
adamantyloxyvearbonyl; (5) alkyl types such as triphenvimethyl and benzyl; (6)
tmalkylsilane such as trimethylsilane; {7) thiol containing types such as
phenvithiocarbonyl and dithiasuccinovl; and (8) alkyl types such as triphenvimethvl,
methyl, and benzyl; and substituted alkyl types such as 2.2 2-trichloroethyl,
Z-phenviethyl, and /~butvl; and trialkylsilane types such as trimethvisilane.

As referred to herein, the term "substituted” means that at least one hydrogen atom
18 replaced with a non-hvdrogen group, provided that normal valencies are maintained
and that the substitution results in a stable compound. Ring double bonds, as used herein,
are double bonds that are formed between two adjacent ring atoms {e.g., C=C, U=N, or

N=NJ.
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In cases wherein there are nitrogen atoms {(e.g., amines) on compounds of the
present invention, these may be converted to N-oxides by treatment with an oxadizing
agent (e.g., mUPBA and/or hvdrogen peroxides) to afford other compounds of this
mvention. Thus, shown and claimed nitrogen atoms are considered to cover both the
shown nitrogen and ts N-oxide (N—O) derivative.

When any variable occurs more than one time in any constituent or formula for a
compound, its definition at each occurrence 1s independent of its definition at every other
occurrence. Thus, for example, if a group is shown to be substituted with 0-3 R, then said
group may optionally be substituted with up to three R groups, and at each occurrence R
is selected independently from the definition of R

When a bond to a substituent is shown to cross a bond connecting two atoms in a
ring, then such substituent mav be bonded to any atom on the ring. When a substituent is
listed without indicating the atom in which such substituent is bonded to the vest of the
compound of a given formula, then such substituent may be bonded via any atom in such
substituent.

Combinations of substituents and/or vanables are permissible only if such
combinations result in stable compounds,

The phrase "pharmaceutically acceptable” is employed herein {o refer to those
compounds, materials, compositions, and/or dosage forms that are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of human beings and
anmimals without excessive toxicity, irritation, allergic response, and/or other problem or
coraplication, commensurate with a reasonable benefit/risk ratio.

As used herein, "pharmaceutically acceptable salts” refer to denvatives of the
disclosed compounds wherein the parent compound 1s modified by making acid or base
salts thereof. Examples of pharmaceutically acceptable salts include, but are not limited
to, mineral or organic acid salts of basic groups such as amines; and alkali or organic salts
of acidic groups such as carboxylic acids. The pharmaceutically acceptable salts include
the conventional non-toxic salts or the quaternary ammonium salts of the parent
compound formed, for example, from non-toxic inorganic or organic acids. For example,
such conventional non-~toxic salts include those derived from inorganic acids such as
hydrochloric, hyvdrobromic, sulfuric, sulfamic, phosphoric, and nitnie; and the salts
prepared from oreanic acids such as acetic, propionic, succinic, glveolic, stearic, lactic,

malic, tartaric, citric, ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic, glutamic,
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benzoie, salicvlic, sultanilic, 2-acetoxvbenzoic, fumaric, toluenesutfonic,
methanesulfonic, ethane disulfonic, oxalic, and iscthionic, and the like.

The pharmacentically acceptable salis of the present invention can be synthesized
from the parent compound that contains a basic or acidic moiety by conventional
chemical methods. Generally, such salts can be prepared by reacting the free acid or base
forms of these compounds with a stoichiometric amount of the appropriate base or acid in
water or in an organic solvent, or in a mixture of the two; gencrally, nonagueous media
like ether, ethyl acetate, cthanol, isopropancl, or acetonitrile are preferred. Lists of
suttable salts are found in Allen, Jr., LV | ed., Remingron: The Science and Practice of
Pharmacy, 220d Edition, Pharmaceutical Press, London, UK {2012), the disclosure of
which is hereby incorporated by reference.

In addition, compounds of fornmula I may have prodrog forms. Any compound
that will be converted in vivo to provide the bicactive ageunt {i.e., a compound of formula
1) is a prodrug within the scope and spint of the invention. Various forms of prodrugs are
well known in the art. For examples of such prodrug derivatives, see:

aj Bundgaard, H., ed., Design of Prodrugs, Elsevier (1985}, and Widder, K.
ctal, eds., Methods in Enzymology, 112:309-396, Academic Progs {1985);

b} Bundgaard, H., Chapter 5, "Design and Application of Prodrugs”,
Krosgaard-Larsen, P. et al,, eds., 4 Textbook of Drug Desion and Development, pp. 113-
191, Harwood Academic Publishers (1991},

c) Bundgaard, H., ddv. Drug Deliv. Rev., 8:1-38 {1992);

d} Bundgaard, H. et al., J. Pharm. Sei., 77:285 (1988},

e} Kakeva, N. et al., Chem. Pharm. Bull. ) 32:692 (1984}; and

£ Rawtio, F, ed.. Prodrugs and Targeted Delivery (Methods and Principles

in Medicinal Chemistry), Vol 47, Wiley-VCH (2011).

Compounds contaming a carboxy group can form physiologically hydrolyzable
esters that serve as prodrugs by being hydrolyzed in the body to vield formula l
compounds per se. Such prodrugs are preferably admimistered orally since hvdrolysis n
many instances oecurs principally ender the mfluence of the digestive enzymes.
Parenteral administration may be used where the ester per se is active, or in those
mstances where hydrolysis occurs in the blood. Examples of phvsiclogically

hydrolvzable esters of compounds of formula I include Cy galkyl, €y galkvibenzyl,
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4-methoxybenzyl, indanyl, phthalyl, methoxymethyl, C; 4 alkanoyloxy-Cy galkyl {e.g.,
acetoxymethyl, pivaloyloxymethyi or propionyioxymethyi),
Cgalkoxycarbonyioxy-Cy_galkyl {e. g., methoxycarbonyl-oxymethyl or
cthoxyecarbonvioxymethyl, glvevloxymethyl, phenylglyevioxymethyl,
{5-methyl-2-oxo-1,3-dioxolen-d-y}-methyl), and other well known physiologically
hydrolyzable esters used, for example, 1o the penicillin and cophalosporin arts. Such
esters may be prepared by conventional technigues known n the art.

Preparation of prodrags is well known in the art and described in, for example,
King, F.D., ed., Medicinal Chemistry: Principles and Practice, The Roval Socicty of
Chenustry, Cambridge, UK (2nd Edition, reproduced (2006)); Testa, B. et al., Hydrolysis
in Drug and Prodrug Metabolism. Chemisiry, Biochemistry and Frnzymology, VCHA and
Wiley-VCH, Zurich, Switzerland (2003); Wermuth, C.G ., ed., The Practice of Medicinal
Chemistry, 3rd Edition, Academic Press, San Diego, CA (2008),

The present invention is intended to include all isotopes of atoms occurring in the
present compounds. Isotopes include those atoms having the same atomic number but
different mass numbers. By way of general example and without mitation, 1sctopes of
hydrogen include deuterium and trittum. Deuterium has one proton and one neutron i 1is
nucleus and that has twice the mass of ordinary hvdrogen. Deuterium can be represented
by symbols such as "?H" or "D The term "deuterated" herein, by itself or used to modify
a compound or group, refers to replacement of one or more hydrogen atom(s}, which is
attached to carbon(s), with a deuterium atom. Isotopes of carbon include PC and #C.

Isotopicatly-labeled compounds of the invention can generally be prepared by
conventional techniques known to those skilled in the art or by processes analogous to
those described herein, using an appropriate 1sotopically-labeled reagent in place of the
non-labeled reagent otherwise employed. Such compounds have a varicty of potential
ases, €.g., as standards and reagents in determining the ability of a potential
pharmaceutical compound to bind to target proteins or receptors, or for imaging
corpounds of this invention bound to biclogical receptors in vivo or in vitro.

“Stable compound” and "stable structure” are meant to indicate a compound that is
sufficiently robust to survive isolation to a uscful degree of purity from a reaction
mixtore, and formulation into an officacious therapeutic agent. It is preforred that

compounds of the present invention do not contain a N-halo, S{O):H, or SO group.
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The term "solvate” means a physical association of a compound of this mvention
with one or more solvent molecules, whether organic or inorganic. This phvsical
association includes hydrogen bonding. In certain instances the solvate will be capable of
isolation, for example when one or more solvent molecules are mcorporated in the crystal
lattice of the crystalline solid. The solvent molecules in the solvate may be present in a
regular arrangement and/or a non-ordered arrangement. The solvate may comprise either
a stoichiometric or nonstoichiometric amount of the solvent molecules. "Solvate"
encompasses both solution-phase and isolable solvates. Exemplary solvates mclude, but
are not linuted to, hydrates, ethanolates, methanolates, and 1sopropanclates. Methods of
solvation are generally known in the art.

Abbreviations as used herein, are defined as follows: "1 x" for once, "2 x" for
twice, "3 x" for thrice, "C" for degrees Celsius, "eq” for equivalent or equivalents, "g" for
gram or grams, "mg” for milligram or milligrams, "L for liter or liters, "mL" for milliliter
or nulliiters, "ul" for microliter or microliters, "N" for normal, "M" for molar, "mmol”
for nullimole or millimoles, "min" for minute or min, "h" for hour or b, "it" for room
temperatare, "RT" for retention time, "atm" for atmosphere, "pst" for pounds per square
mch, "conc.” for concentrate, "ag" for "aquecus”, "sat" or "sat'd " for saturated, "MW" for
maolecular weight, "mp” for melting point, "MS" or "Mass Spec” for mass spectrometry,
"ESI" for electrospray 1onization mass spectroscopy, "HR" for high resolution, "HRMS”
for high resclution mass spectrometry, "LCMS" for iguid chromatography mass
spectrometry, "HPLC" for high pressure liquid chromatography, "RP HPLC" for reverse
phase HPLC, "TLC" or "tle” for thin layver chromatography, "NMR" for nuclear magnetic
resonance spectroscopy, 'nO¢" for nuclear Overhauser effect spectroscopy, "1H" for

L1l

proton, "6" for delta, "s" for singlet, "d" for doublet, "t" for triplet, "g" for quartet, "m" for
multiplet, "br" for broad, "Hz" for hertz, and "¢", "p", "R", "8", "E", "Z" and "cc" are
stereochemical designations familiar to one skilled in the art.

The compounds of the present invention can be prepared in a number of ways
known to one skilled 1n the art of organic syathesis. The compounds of the present
mvention can be synthesized using the methods described below, together with svithetic
methods known in the art of syothetic organic chemistry, or by variations thercon as
appreciated by those skilled in the art. Preferred methods include, but are not limited to,
those described below. The reactions are performed in a solvent or solvent mixture
appropriate to the reagents and materials emploved and suitable for the transformations

being effected. It will be understood by those skilled m the art of organic synthesis that
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the functionality present on the molecule should be consistent with the transformations
proposed. This will sometimes require a judgment to modify the order of the synthetic
steps or to select ane particular process scheme over another in order to obtain a desired
compound of the mvention.

The novel compounds of this invention may be prepared using the reactions and
techniques described in this section. Alsc, in the description of the synthetic methods
described below, it is to be understood that all proposed reaction conditions, including
choice of solvent, reaction atmosphere, reaction temperature, duration of the experiment
and workup procedures, are chosen to be the conditions standard for that reaction, which
should be readily recognized by one skilled in the art. Restrictions to the substituents that
arc compatible with the reaction conditions will be readily apparent to one skilled in the

art and alternate methods must then be used.

SYNTHESIS

The compounds of Formula (I} may be prepared by the exemplary processes
described in the following schemes and working examples, as well as relevant published
hiterature procedures that are used by one skilled in the art. Exemplary reagents and
procedures for these reactions appear hereinafter and in the working examples.
Protection and de-protection in the processes below may be carried out by procedures
generally known in the art (see, for example, Wuts, P.G .M. et al., Profeciing Groups in
Organic Synthesis, 4th Edition, Wiley (2007)). General methods of organic synthesis and
functional group transformations are found in: Trost, B.M. et al., eds., Comprehensive
Organic Synthesis: Selectivity, Strategy & Ffficiency in Modern Organic Chemistry,
Pergamon Press, New York, NY {1991} Smith, M.B. et al | Moarch's Advanced Organic
Chemistry: Reactions, Mechanisms, and Structure. 6th Edition, Wiley & Sons, New
York, NY (2007); Katritzky, A R ¢t al, eds., Comprehensive Organic Funciional Groups
Transformations 11, 2nd Edition, Elsevier Science Inc., Tarrvtown, NY (2004); Larock,
R.C., Comprehensive Organic Transformations, VCH Publishers, Inc., New York, NY

{19993, and references therein.

Scheme 1
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Step 1 descnibes the preparation of compounds of Formula Glc from a compound
of Formula Gla, by acylating with a nitrile of Formula G1b in the presence of a Lewis
acid (hike AlMes). Preferred solvents are aprotic solvents solvents {such as toluene and

5 the like).

Step 2 describes the preparation of pyrimidine compounds of Formula Gld from
corapounds of formula Glc by condensation with triethyl methanetricarboxylate with or
without base. Preferred solvents are aprotic sobvents (like toluene and xylenes). Preferred
bases are tertiary amines (such as TEA, DIEA and the like) and alkaling metal alkoxides

10 (such as sodium ethoxide and the like).

Step 3 describes the preparation of compounds of Formula (1) by conversion of
the ester of compounds of Formula G1d to a heterocyele B). The conversion of
compounds of Formula G1d to compounds of Formula {I) can be performed in one step or
in several steps, depending on the heterocycle &). The ester of Formula G1d can be

15 condensedwith an N -hvdroxy imidamide to give a 1,2, 4-oxadiazole in a single step.
Alternatively in a two step process the ester of Formula G1d can by condensed with
bvdrazine in the presence of alcohol solvents (such as methanol and the like) to form a
hvdrazide, then the hydrazide condensed with an acid n the presence of a dehydrating
reagents (such as T:PY, EDC and the like) and an inert solvent (such as dioxane, EtQAc

20 and the like) to give a 1,3,4-oxadiazole.
Scheme 2
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Step 1 describes the preparation of pyninmudine compounds of Fornula G2a from
compounds of formula Gl by condensation with malonate with or without base.
Preforred solvents are inert solvents (like toluene and xylenes) and alcohols (fike
nBuOH). Preferred bases are hydrides {such as NaH and the bike) and alkaline metal
atkoxides (such as sodium ethoxide and the hike}.

Step 2 descnibes the preparation of compounds of Formula G2b from a compound
of Formula G2a, where LG represents a leaving group (such as halogens, preferably
bromine). Preferred reagents for incorporating the leaving group are sources of bromine
{such as clemental bromine and NBS and the like). Preferred solvents are halogenated
solvents (such as DCM and the like).

Step 3 describes the preparation of compounds of Formula (1) by coupling boronic
acids or esters with a compound of Formula G2b under Suzuki conditions in the presence
of a transition metal catalyst and base. Preferred catalysts are (PA(OAc), Pd{dppHClz, 27¢
Gen. Xphos and the like). Preferred bases include alkaline metal-carbonates, -
bicarbonates, (such as sodium carbonate, sodium bicarbonate, cesium carbonate and the

hike). Preferred solvents are ethers (such as tetrahydrofuran, dioxane and the like) and

water.
Scheme 3
0 o) o R
a R
CO,E 0 N-N o o N-N NH
Nl/li OEt | \>\>L R
o
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Step 1 describes the preparation of compounds of Formula G3a by conversion of the ester
of compounds of Formula G1d to a heterocycle B substituted with an ethvlacetate
group, G3a.

Step 2 describes the preparation of amide compounds of Formula (f) from
compoands of formula G3a by first hvdrolyzing the ester followed by amide coupling in
the presence of coupling reagents (ke EDC, HOBt and the bike}. The process can be
performed stepwise. Preferred solvents for the first step of the two step process are
alcohol solvents (such as MeOH and the bike)}, ethers (such as tetrahydrofuran} and water.

Preforred bases for the first step of the two step process are hydroxides (such as lithnum
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hydroxide and sodium hvdroxide and the like}. Preferred solvents for the second step are
polar aprotic solvents (such as DMF and the like). Preferred bases for the second step are

tertiary amines (such as TEA, DIEA and the like)

v,  BIOLOGY

APJ receptor was discovered m 1993 as an orphan G protein-coupled receptor
{GPCR} and was subsequently found to recogmize apelin peptide as its endogenous
hgand. It belongs to class A of GPCRs and has a classical 7-transmembrane domain
structure, exhibiting greatest sequence homology to angiotensin AT1 receptor (for review
see Pitkin, S.L. et al., Pharmiacol Rev., 62(3):331-342 (2010)). APIis expressed in wide
variety of peripheral tissues and the CNS, and has relatively high expression in placenta,
mvocardium, vascular endothelial cells, smooth muscle cells as well as cardiac myocytes
Kleinz, IM. et al., Pharmacel Ther., 107(2):198-211(2005)). Apelin peptide was
originally identified in bovine stomach extract and remains to date the only known
endogenous ligand and agonist of APJ receptor (Tatemoto, K. ot al., Biochem. Biophys.
Res. Commun., 255:471-476 (1998)). Tissue expression of apelin gene mirrors closely
the APJ expression pattern and has been postulated to act in an antocrine or paracrine
manner, often exemplified by reference to "apelin-APJ system”. Apelin gene encodes 77
amino acid precursor peptide that is cleaved to form mature secreted peptide undergoing
further proteolytic cleavage forming shorter C-terminal fragments. Apelin-36, -17 and -13
represent the major active forms with the pyroglutamated form of apelin-13 being the
most stable and the most abundant form present in the cardiac tissue (Maguire, J.J et al,,
Hypertension, 54(3):598-604 (2009}). Apclin has very short halt life in circulation,
estimated to be less than 5 munutes (Japp, A.G. et al, Circulation, 121(163:1818-1827
(201033,

Activation of APJ receptor is known to inhibit forskolin-stimulated cyclic AMP
{(cAMP) levels in pertussis toxin-sensitive manner, indicating coupling to the Gi proteins.
The binding affinity of apelin and the ECsq values in the CAMP assay are reported to be
i the sub-nanomolar range (for review see Pitkin, S.L. et al., Pharmacol. Hey.,
62(3%:331-342¢2010})). In addition to cAMP inhibition, API receptor activation also leads
to B-arrestin recruitment, receptor internalization and activation of extraceliular -regulated
kinases {ERKSs) (for review see Kleinz, J. M. et al., Pharmacol Ther [107(2}.198-211
{2005)}. Which of these signaling mechamsms contribute to modulation of downstream
physiological effects of apeiin is not clear at present. APJ receptor has been shown to
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mteract with the AT receptor. While apelin does not bind ATT and angiotensin I does
not bind APJ, it has been postulated that certain physiological actions of apelin are
mediated, at least in part, via functional antagonism of the angiotensin I and AT1
receptor pathway (Chan, A etal., J Clin. Invesr, 118(10)%:3343-3354 (2008}

It 1s also desirable and preferable to find compounds with advantageous and
mnproved characteristics compared with known HF treatment agents, in one or more of
the following categories that are given as examples, and are not intended to be limiting:
{a} pharmacokinetic properties, including oral bicavailability, halt ife, and clearance; (b)
pharmaceutical properties: (¢ dosage requirements; (d) factors that decrease blood drug
concentration peak-to-trough characteristics; {(¢) factors that increase the concentration of
active drug at the receptor; (f) factors that decrease the hability for clinical drug-drug
mteractions; (g} factors that decrease the potential for adverse side-effects, including
selectivity versus other biological targets; and (h} improved therapeutic index.

As used herein, the term "patient” encompasses all manunalian species,

Ag used herem, the term "subject” refers to any human or non-human organism
that could potentially benefit from treatment with an APJ agomst. Exemplary subjects
mehude human beings of any age with risk factors for development of heart failure and
the sequelac theroof, angina, ischemia, cardiac ischemia, myocardial infarction,
reperfusion imjury, angioplastic restenosis, hypertension, vascular complications of
diabetes, obesity or endotoxemia, stroke, as well as atherosclerosis, coronary artery
discase, acute coronary syndrome, and/or dyshipidemias.

As used herem, "treating” or "reatment” cover a treatment of a disease-state in a
mammal, particalarly in a human, and include: {(a) inhibiting a discase-state, i.e.,
arresting it development; and/or (b) relieving a disease-state, i.e., causing regression of a
discase state.

As used herein, "prophyvlaxis” is the protective treatment of a disease state to
reduce and/or minimize the nisk and/or redoction in the risk of recurrence of a disease
state by administering o a patient 3 therapeutically effective amount of at least one of the
compounds of the present invention or a or a stereoisomer, a tautomer, a pharmaceuticaily
acceptable salt, or a solvate thereof. Patients may be selected for prophylaxis therapy
based on factors that are known o increase risk of suffering a clinical disease state
compared to the general population. For prophvlaxis treatment, conditions of the chinical
discase state may or may not be presented vet. "Prophylaxis” treatment can be divided

mto {a} primary prophyvlaxis and (b} secondary prophylaxis. Primary prophylaxis is
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defined as treatment to reduce or minimize the risk of a disease state in a patient that has
not yet presented with a clinical disease state, whereas secondary prophylaxis is defined
as minimizing or reducing the risk of a recurrence or second occurrence of the same or
similar clinical discase state.

As used herein, "prevention” cover the preventive treatment of 8 subclinical
discase-state in a mammal, particularly in a human, aimed at reducing the probability of
the occurrence of a clinical discase-state. Patients arc selected for preventative therapy
based on factors that are known to increase risk of suffering a chinical disease state
compared to the general population.

As used herein, "risk reduction” covers therapies that lower the incidence of
development of a clinical discase state. As such, primary and secondary prevention
therapies are examples of risk reduction.

"Therapeutically effective amount” is intended to include an amount of a
compound of the prosent invention that 1s effective when administered along or in
combination to modulate APJ and/or to prevent or treat the disorders listed herein. When
applied to a combination, the term refers to combined amounts of the active ingredients
that result m the preventive or therapeutic effect, whether administered in combination,

seriallv, or simubancously.

ASSAY METHODS
Intracellular cAMP Accumulation Assay

HEK?293 cells stably expressing human APJ receptor were used to assess the
activity of compounds. Cultured cells were detached and resuspended 1n the cAMP
Homogeneous Time-Resolved Fluorescence (HTRFE) agsay buffer (Cishio cat;
#62AMAPE]). The assay was performed in 384-well assay plates (Perkin-Elmer; cat
#6008289) according to assay protocol provided bv the manufacturer. Serial dilutions of a
compoand together with assay butfer containing 0.2nM IBMX and 2 uM forskolin were
added to each well containing 5,000 cells and incubated for 30 nminutes at room
temperature. Subseguently, CAMP D2 reagent was added in the tysis buffer followed by
the EuK antibody (Cisbio; cat #62AMAPED and incubated for 60 min. The flucrescence
emission ratio was measured using flucrometer. The intracellular cAMP concentrations
{compound-stimulated inhibition of forskolin~-mediated cAMP production) were
calculated by extrapolation from a standard curve using known cAMP concentrations.

The ECsq values were obtained by fitting the data to a sigmoidal concentration-response
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curve with variable slope. The maximal achigvable inhibition of forskolin-induced cAMP
levels (Y ) for each compound was expressed as relative percentage of inhibition
attained using pyroglutamated apelin-13 ((PyrDapelin-13} peptide, which was set o
100%.

(o

The examples disclosed below were tested in the APJ i vitro assays described
above and were found having human APJ cvclic AMP (hcAMP) activity. The ECse value
of each compound is presented at the end of the example description.

The compounds of the present invention possess activity as agonists of APJ
receptor, and, therefore, may be used in the treatment of diseases associated with APJ
10 activity. Accordingly, the compounds of the present invention can be administered to

mammals, preferably humans, for the treatment of a variety of conditions and disorders,
mcluding, but not himited to, treating, proventing, or slowing the progression of heart
failure, coronary artery disease, peripheral vascular disease, atherosclerosis, diabetes,
metabolic syndrome and the sequelae of thereof, hypertension, pulmonary hypertension,
15 cerebrovascular disorders, atrial fibrillation, angina, ischemia, stroke, myocardial
mfarction, acute coronary syndrome, reperfusion injury, angioplastic restenosis, vascular
complications of diabetes and obesity.
The biclogical activity of the exemplified compounds of this invention determined
by the assay described above is shown at the end of cach example. The APJ cAMP ECse
20 potency ranges arg as follows: A =001 - 10 nM; B=10.01 - 100 nM; € =100.61 - 300
nb

V. PHARMACEUTICAL COMPOSITIONS, FORMULATIONS AND
COMBINATIONS

o
[

The compounds of this invention can be administered for any of the uses
described herein by any suitable means, for example, orally, such as tablets, capsules
{cach of which includes sustained release or timed release formulations), pills, powders,
gramules, glixirs, tinctures, suspensions (including nanosuspensions, microsuspensions,
spray-dried dispersions), syrups, and emulsions; sublingually; bucally; parenterally, such
30 as by subcutancous, intravenous, intramuscular, or intrasternal injection, or infusion
techmques {e.g., as sterile imjectable agueous or non-agueous solutions or suspensions);
nasally, meluding administration to the nasal membranes, such as by inhalation spray;
topically, such as in the form of a cream or ointment; or rectally such as in the form of

suppositories. They can be administered alone, but gencrally will be adovnistered with a
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pharmaceutical carnier selected on the basis of the chosen route of administration and
standard pharmaceutical practice.

The term "pharmaceutical composition” means a composition comprising a
corapound of the invention i combination with at least one additional pharmaceutically
acceptable carrier. A "pharmaceutically acceptable carrier” refers to media generally
accepted in the art for the delivery of biologically active agents to antmals, in particular,
mammals, including, 7.e., adjuvant, excipient or vehicle, such as diluents, prescrving
agents, fillers, flow regulating agents, disintegrating agents, wetting agents, emulsifying
agents, suspending agents, sweetening agents, flavoring agents, perfuming agents,
antibactenial agents, antifingal agents, lubricating agents and dispensing agents,
depending on the nature of the mode of adounistration and dosage forms.

Pharmaceutically acceptable carriers are formulated according to a number of
factors well within the purview of those of ordinary skill in the art. These inchude,
without limitation: the type and nature of the active agent being formulated; the subject to
which the agent-containing composition 1s to be administered; the intended route of
administration of the composition; and the therapeutic indication being targeted.
Pharmaceutically acceptable camers include both agueous and non-aqueous liquid media,
as well as a variety of solid and semi-solid dosage forms. Such carriers can include a
number of different ingredients and additives in addition to the active agent, such
additional ingredicnts being included in the formuldation for a variety of reasons, e.g.,
stabilization of the active agent, binders, ¢tc., well known to those of ordinary skill in the
art. Descriptions of suitable pharmaceutically acceptable carriers, and factors mvolved in
thetr selection, are found in a vanety of readily available sources such as, for example,
Allen, Je L.V etal, Remington: The Science and Practice of Pharmacy {2 Volumeg),
22nd Edition, Pharmaceutical Press (2012),

¢ dosage regimen for the compounds of the present invention will, of course,
vary depending upon known factors, such as the pharmacodynamic characteristics of the
particular agent and its mode and route of admunistration; the species, age, sex, health,
medical condition, and weight of the recipient; the nature and extent of the symptoms; the
kind of concurrent treatment; the frequency of treatment; the route of administration, the
renal and hepatic function of the patient, and the effect desired.

Bv wav of general guidance, the daily oral dosage of cach active ingredient, when
used for the mdicated effects, will range between about 0.001 to about 5000 mg per day,

preferably between about 0.01 to about 1000 mg per day, and most preferably between
69
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about 0.1 to about 250 mg per day. Intravenously, the most preferred doses will range
from: about 0.01 1o about 10 mg/ke/minute during a constant rate infusion. Compounds of
this invention may be administered in a single daily dose, or the total daily dosage may be
administered in divided doses of two, three, or four times daily.

The compounds are typically administered in admixture with suitable
phammaceutical diluents, exeipients, or carriers {(collectively referred to herein as
pharmaceutical carriers) suitably selected with respect to the intended form of
administration, e.g., oral tablets, capsules, elixirs, and svrups, and consistent with
conventional pharmaceutical practices.

Dosage torms (pharmaceutical compositions) suttable for administration may
contain from about 1 milligram to about 2000 milligrams of active ingredient per dosage
unit. In these pharmaceutical compositions the active mgredient will ordinarily be
present in an amount of about 0.1-95% by weight based on the total weight of the
composition.

A typical capsule for oral administration contains at least one of the compounds of
the present invention (250 mg), lactose (75 mg), and magnesium stearate {15 mg}. The
maxture 18 passed through a 60 mesh sieve and packed oto a No. | gelatin capsule.

A typical injectable preparation is produced by aseptically placing at least one of
the compounds of the present invention (250 mg) into a vial, aseptically freeze-drving and
sealing. For use, the contents of the vial are mixed with 2 mL of physiclogical sabine, to
produce an injectable preparation.

The present mvention includes within its scope pharmaceutical compositions
comprising, as an active ingredient, a therapeutically effective amount of at least one of
the compounds of the present invention, alone or in combination with a pharmaceutical
carricr. Optionally, compounds of the present mvention can be used alone, in
combination with other compounds of the invention, or in combination with one or more
other therapeutic ageni(s), e.2., agents used in treatment of heart failure or other
pharmaceutically active material.

The compounds of the present invention may be employved in combmnation with
other APJ agonists or one or more other suttable therapeutic agents useful in the treatment
of the aforementioned disorders including: agents for treating heart failure, anti-
hypertensive agents, anti-atherosclerotic agents, anti-dyshipidemic agents, anti-diabetic
agents, anti-hyperglycemic agents, anti-hyperinsulinemic agents, anti-thrombotic agents,
anti-retinopathic agents, anti-neuropathic agents, anti-nephropathic agents, anti-ischemic
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agents, anti-obesity agents, anti-hyperlipidemic agents, anti-hypertriglyeeridemic agents,
anti-hypercholesterolemic agents, anti-restenotic agents, anti-pancreatic agents, lipid
lowering agents, anorcctic agents, memory enhancing agents, anti~dementia agents,
cognition promoting agents, appetite suppressants, and agents for treating peripheral
arterial disease.

The compounds of the present invention may be emploved in combination with
additional therapeutic agent(s) selected from one or more, preferably one to three, of the
following therapeutic agents in treating heart fatlure and coronary artery disease: ACE
mhibitors, B-blockers, diuretics, mineralocorticoid receptor antagonists, remin inhibitors,
calcium channel blockers, angiotensin H receptor antagonists, mitrates, digitalis
compounds, motropic agents and P-receptor agonists, anti-hyperlipidemic agents, plasma
HDL-raising agents, anti-hypercholesterolemic agents, cholesterol biosynthesis inhibitors
{such as HMG CoA reductase nhibitors), LXR agonist, probucol, raloxifene, nicotinic
acid, niacinamide, cholesterol absorption nhibitors, bile acid sequestrants (such as anion
exchange resms, or quaternary amines {¢. £, cholestvramine or colestipol), low density
Epoprotein receptor inducers, clofibrate, fenofibrate, benzofibrate, cipofibrate,
gemfibrizol, vitamin By, vitamin By,. anti-oxidant vitamins, anti-diabetes agents, platelet
aggregation inhibitors, fibrinogen receptor antagonists, aspirin and fibric acid derivatives.

The compounds of the mvention may be used in combiation with onc or more,
preferably one to three, of the following anti-diabetic agents depending on the desired
target therapy. Studies indicate that diabetes and hyvperlipidemia modulation can be
further improved by the addition of a second agent to the therapeotic regimen. Examples
of anti~-diabetic agents include, but are not himited to, sulfonviurcas (such as
chlorpropamide, tolbutamide, acetohexanude, tolazamude, glyburide, ghelazide, glynase,
ghimepinde, and glipizide), biguanides {sach as metformin), thiazolidinediones {such as
cightazone, pioglitazone, troglitazone, and rosiglitazonce}, and related insulin sensitizers,
such as selective and non-selective activators of PPARa, PPARP and PPARY,
dehydroepiandrosterone (also referred to as DHEA or its conjugated sulphate ester,
DHEA-50y); anti-glucocorticords; TNFo inhibitors; dipeptidyl peptidase IV (DPP4)
mhibitor (such as sttaghptin, saxaghptin}, GLP-1 agonists or analogs {(such as exenatide),
a~glucosidase mhibitors (such as acarbose, mightol, and voglibose), pramlintide (a

synthetic analog of the human hormone amylin}, other insulin secretagogues (such as
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repaglinide, gligumidone, and nateghnide), msulin, as well as the therapeutic agents
discussed above for treating heart failure and atherosclerosis.
The compounds of the mvention may be used in combination with one or more,

preferably one to three, of the following anti-obesity agents selected from

5 phenylpropanoclamine, phentermine, dicthylopropion, mazindol, fenfluramine,
dexfenfluramine, phentiramine, fs-adrenergic receptor agonist agents; sibutramine,
gastrotntestinal bipase inhibitors {(such as orlistat}, and lepting. Other agents used in
treating obesity or cbesity-related disorders include neuropeptide Y, enierostatin,
cholecytokinin, bombesin, amyln, lustamine H; receptors, dopamine D5 receptor

10 modulators, melanocyte stimulating hormone, corticotrophin releasing factor, galanin and

gamma amino butyvric acid (GABA).

The above other therapeutic agents, when emploved m combination with the
compounds of the present invention may be used, for example, in those amounts indicated
n the Physicians’ Desk Reference, as in the patents set out above, or as otherwise

15 determined by one of ordinary skill in the art.

Particularly when provided as a single dosage umit, the potential exists for a
chemical interaction between the combined active ingredients. For this reason, when the
compound of the present invention and a second therapeutic agent are combined in a
single dosage unit they are formulated such that although the active ingredients are

20 combined in a single dosage unit, the physical contact between the active ingredients is
minimized (that is, reduced). For example, one active ingredient may be enteric coated.
By enteric coating one of the active ingredients, it 1s possible not only to mimimize the
contact between the combined active ingredients but also to control the release of ong of

these components in the gastromtestinal tract such that one of these components is not

[
L

released in the stomach but rather is released in the intestines. One of the active
mgredients may also be coated with a matenial that affects a sustained-release throughout
the gastrointestinal tract and also serves to minimize physical contact between the
corbined active ingredicnts. Furthermore, the sustained-released component can be
additionally enteric coated such that the release of this component occurs only in the

30 intestine. Still another approach wouald involve the formulation of 2 combination product
i which the one component is coated with a sustained and/or enteric release polymer,
and the other component 1s also coated with a polymer such as a low viscosity grade of

hvdroxvpropvl methylcellulose (HPMC) or other appropriate materials as known i the
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art, in order to further separate the active components. The polymer coating serves to
form an additional barrier to mteraction with the other component.

These as well as other ways of mininuzing contact between the components of
corbination products of the present invention, whether administered in a simgle dosage
form or admimistered in separate forms but at the same time by the same manner, will be
readily apparent to those skilled i the art, once armed with the present disclosure.

The compounds of the present invention can be administered alone orin
combination with one or more additional therapeutic agents. By "adminmistered in
combination” or "combination therapy"” it is meant that the compound of the present
mvention and one or more additional therapeutic agents are administered concurrently to
the mammal being treated. When administered in combination, cach component may be
administered at the same time or sequentially in any order at different pomnts in time.
Thus, cach component may be administered separately but sufficiently closely m time so
as to provide the desired therapeutic effect.

The compounds of the present invention are also useful as standard or reference
compounds, for example as a quality standard or control, in tests or assays involving the
APJ receptor and apelin activity. Such compounds may be provided in a commercial kit
for example, for use in pharmaceutical research mmvolving APJ and apelin or anti-heart
failure activity. For example, a compound of the present invention could be used as a
reference in an assay to compare its known activity 1o a compound with an unknown
activity. This would ensure the experimenter that the assay was being performed properly
and provide a basis for comparison, especially if the test compound was a derivative of
the reference compound. When developing new assays or protocols, compounds
according to the present invention could be used to test their effectivencss.

The compounds of the present invention may also be used m diagnostic assays
mvolving APJ and apelin.

The present invention also encompasses an article of manufacture. As used
herein, article of manufacture is intended to include, but not be limited to, kits and
packages. The article of manufacture of the present invention, comprises: (a) a first
container: (b} a pharmaceutical composttion located within the first container, wherein the
composition, comprises a first therapeutic agent, comprising a compound of the present
mvention or a pharmaccutically acceptable salt form thereof. and, (¢} a package nsert
stating that the pharmaceutical composition can be used for the treatment and/or

prophylaxis of multiple diseases or disorders associated with AP and apelin {as defined
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previously). In another embodiment, the package insert states that the pharmaceutical
composition can be used in combination (as defined previously) with a second therapeutic
agent for the treatment and/or prophylaxis of multiple discases or disorders associated
with APJ and apelin. The aricle of manufacture can further comprise: {(d) a second
contamer, wherein components (a) and (b} are located within the second container and
component (¢} s located within or cuiside of the second container. Located within the
first and sccond containers means that the respective contamner holds the item within its
boundaries.

The first contatner is a receptacle used to hold a pharmaceotical composition.
This contamer can be for manufacturing, storing, shipping, and/or mdividual/bulk selling.
First container is intended to cover a bottle, jar, vial, flask, syringe, tube {e.g., for a cream
preparation), or any other container vsed to mamufacture, hold, store, or distribute a
pharmaceutical product.

The second container is one used to hold the first container and, optionally, the
package imsert. Examples of the second container include, but are not limited 1o, boxes
{e.g., cardboard or plastic), crates, cartons, bags (e.g., paper or plastic bags}, pouches, and
sacks. The package insert can be physically attached to the outside of the first container
via tape, glue, staple, or another method of attachment, or it can rest inside the second
container without any physical means of attachment to the first container. Alternatively,
the package insert is located on the outside of the second container. When located on the
outside of the second container, it is preferable that the package msert is phyvsically
attached via tape, glue, staple, or another method of attachment. Alternativelv, it can be
adjacent to or touching the outside of the second container without being physically
attached.

The package insert is a label, tag, marker, ctc. that recites information relating to
the pharmaceutical composition located within the first container. The information
recited will usually be determined by the regulatory agency governing the area in which
the article of manutacture is to be sold {e.g., the United States Food and Brug
Admanistration). Preferably, the package msert specifically recites the indications for
which the pharmaceutical composition has been approved. The package insert may be
made of anv material on which a person can read information contained therein or
thereon. Preferably, the package insert is a printable material {e.g., paper, plastic,
cardboard, toil, adhesive-backed paper or plastic, etc.) on which the desired information

has been formed (e.g., printed or applied).

PCT/US2016/066750
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Other featurcs of the mvention will become apparent in the course of the
following descriptions of exemplary embodiments that are given for itlustration of the

mvention and are not mtended to be limiting thercof

5 VI EXAMPLES

The following Examples are offered as illustrative, as a partial scope and
particular embodiments of the mvention and are not meant to be linuting of the scope of
the mvention. Abbreviations and chemical symbols have their usual and customary
meanings unless otherwise indicated. Unless otherwise indicated, the compounds

10 described herein have been prepared, isolated and characterized using the schemes and

other methods disclosed herein or may be prepared using the same.

As a person of ordinary skill in the art would be able to understand that a pyridone
i a molecule may tautomerize to its keto and enol forms as shown in the following
equation, wheremn R, R?, R? and R* are as defined above, this disclosure is intended to

15 cover all possible tautomers even when a structure depicts only one of them.

(o] OH
)N|\ | tautomerization )NI\ ~
R2 l;l OH RZ ';l (o]
(alk)o2 (alk)q.2

I I
—(R‘)M —(Rm

AcUH or HOAc acetic acid

ACN acetonitiile

Alk Alkyl

AlMes Trimethylaluminum
BBy boron tribromide

Buo benzyl

Boc fert-butyvloxycarbonvl

3
(v ]
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BOP reagent

Bu

i-By

By
-BuOH
Cbz

Ch{l,
CD,0D
CH,Cly
CH;3CN
CHClL,
BCM
BIEA, DIPEA or
Hunig's base
DMF
DMSO

Et

Et:Nor TEA
Et, O
EtOAc
EtOH

HCI

HPLC

K, CO4
KLHPO,
LCMS
LiHMDS
LG

Me

MeOH
MgS0y

benzotnazol-1-vioxytris(dimethyvlamimo)phosphonium

hexafluorophosphate
butyl

isobutyl
fert-butyl
tert-butanol
carbobenzyloxy

deutero-chloroform

deutero-methanol

dichloromethane
acetonitrile
chloroform

dichloromethane

diisopropvicthylamine

dimethyl formamide
dimethyl sulfoxide
ethyl

iricthylamine

diethy] ether

ethyl acetate

cthanol

hydrochloric acid

high-performance liquid chromatography
potassium carbonate

potassium hydrogenphosphate

Liguid chromatography mass spectrometry
lithium bis(trimethyisitybamide

leaving group

methyl

methanol

magnesium suifate
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MsOH or MSA methyisulfonic acid

Na(l sodium chloride

Na,CO4 sodium carbonate

NaHCO, sodium bicarbonate

Na(OH sodium hyvdroxide

Na, 50y sodium sulfate

NH; ammonia

NH(d ammontum chloride

NH,OAc ammonium acetate

Pd(OAc), palladium{il}) acetate

Pd{dppHHCly { LI-Bis{diphenylphosphino}ferrocene |palladivm{Il}
dichloride

Pd(PPhs)s tetrakis(triphenylphosphineg)palladium(0)

PG protecting group

Ph phenyl

Pr propyl

i-Pr sopropyl

i-PrOH or IPA isopropanoi

Rt

retention time

S104 silica oxide

SFC supercritical fluid chromaiography

TBAI Tetrabutviammonium iodide

TEA tricthylaming

TFA trifluoroacetic acid

TFAA Trifluoroacetic anhydrnide

THF tetrahydrofuran

TiCl titanam tetrachloride

T3P I-propanephosphonic acid cyclic anhydride

Description of analvtical LCMS methods:
Method A: Column: Waters Acquity UPLC BEH C18, 2.1 x 50 mm, 1.7 pm
particles; Mobilic Phase A: 5:95 ACN:water with 10 mM NH40Ac: Mobile Phase B:
5 95:5 ACN:water with 10 mM NH4OAc; Temperature: 50 °C; Gradient: 0-100% B over 3
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rminutes, then a £.75 minute hold at 100% B; Flow: 1.11 mL/min; Detection: UV at 220
nm,
Method B: Columan: Waters Acquity UPLC BEH C18, 2.1 x 50 mm, 1.7 pm
particles; Mobilie Phase A: 5:95 ACN water with 0.1% TFA: Mobile Phase B: 95:5
5 ACN:water with 0.1% TFA; Temperaturg: 50 °C; Gradient: 0-100% B over 3 minutes,
then a 0.75 nunute hold at 100% B; Flow: 1 11 mL/mn; Detection: UV at 220 nm.
Method C: Column: PHENOMENEX® Luna 3 wn C1E (2.0 x 30 mm); Mobilie
Phase A: 10:90 MeOH:water with (0.1% TFA; Mobile Phase B: 90:10 MeOH water with
0.1% TFA; Gradient: 0-100% B over 2 nunutes, then a 1 minute hold at 100% B; Flow: 1
10 mb/oun; Detection: UV at 220 nm.
Method D: Waters Acquity UPLC BEH CI8, 2.1 x 50 rom, 1.7 pm particles;
Mobilie Phase A: water with 0.19 TFA; Mobile Phase B: ACN with 0.19 TFA;
Gradient: 2-98% B over 1 nunute, then a 0.5 minute hold at 98% B; Flow: 0.8 mL/min;

Detection: UV at 220 nim.

Example 1
5-{5-(benzoldjisoxazol-3-vimethyl}-1,3 4-oxadiazcl-2-y1}-2-butyl-1-2 6-

dimethoxyphenyi}-6-hydroxypyrimidin-4{1H}-one
o

NH CO,Et N O~
NH, z ||
/o\©/o\ Ns o~ \/\)J\NH EtOZC)\COZEt \/\)\N OH
_—

o o
AlMe,, toluene - > EtOH, 140 °C, 1 h, 22% -0 o<
110 °C, 56%

Compound 1a Compound 1b

N’
o -N )
o] L Q\/\U/OH o N,\> ) 7\:;\
hydrazide N1 H h o N °

| o- |
EtOH, rt, overnight \/\)\N OH \/\)\N OH

97% /O o\ T;P, DIEA, dioxane /0 0\
140 °C, overnight, 15%

Compound 1c Example 1

20 Compound la. Ethyl 2-(2 6-dimethoxyphenyliacetate
To a solution of pentanenitrile (310 mg, 3.7 mmol) and 2-methoxy-6-
methylaniline (518 mg, 3 .40 mmol} in toluene (13 mL) at RT was added a solution of
trimethyvlahiminum m toluene (1.7 mL, 3.4 mmol} at 0 °C. The reaction mixture was
heated at 110 °C for 1 h. The cooled reaction mixture was quenched with saturated

25 solution of Rochelle's salt (5 mL) and stured at RT for 30 nun. The reaction muxture was
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extracted with EtOAc (3x20 mL}. The combined organic layer was washed with brine,
dried over MgS0, filtered and concentrated under reduced pressure. The residue was
purified by silica gel chromatography eluting with 20-100% EtQAc/hexancs with 0.5%
BN to give Compound 1a (450 mg, 56%) as a brown oil. LCMS (Method D) retention
time = 0.65 min, m/z = 237 1 (M+H). 'H NMR (500MHz, CHLOROFORM-d) 6 6.88 (L.
J=8.4 Hz, 1H}, 6.51 (d, J=8.3 Hz, 2H), 4.68 - 3.89 (m, 2H), 3.71 (s, 6H}, 2.33 {(br. 5., 2H),
184 - 1.52 {m, 2H), 1.49 - 1.24 (m, 2H}, 0.89 (br. s, 3H}.
Compound 1b. Ethy! 2-butyl-1-(2, 6-dimethoxyphenyl}-6-hvdroxy-4-oxo-1,4-
dihydropyrimidine-5-carboxylate

A mixture of 1a (500 mg, 2.1 mumnol} and triethyl methanetricarboxylate {590 mg,
2.5 mmol}) in toluene (12 mbL) was heated at 140 °C for 1 h in a microwave reactor. The
reaction mixture was concendrated under reduced pressure and the residue was purified by
silica gel chromatography cluting with 0-100% EtOAc/DCM to give compound 1b (170
mg, 22%; as a brown solid. LCMS (Method B) retention time = 0 .87 mun, m/z = 377 3
(M+H). 'H NMR (400MHz, CHLOROFORM-d) § 7.39 (t, J=8.5 Hz, 1}, 6.65 (d, J=8.6
Hz, 2H), 4 40 (g, J=7.2 Hz, 2H), 3.78 (s, 6H), 2.49 - 218 (m, 2H), 1.70 - 1.53 (m, 2H),
1.39(t, =72 Hz, 3H), 1.29 - 1 .12 (m, 2H}, 0.79 (1, /=73 Hz, 3H).

Compound 1c. 2-Butyi-1-(Z,6-dimethoxyphenyl}-6-hydroxy-4-oxo-1,4-
dihydropyrnimidine-3-carbohydrazide

Hydrazine (1.37 mi, 43.6 mmol} was added to a solution of compound 1b (1.64 g,
4.36 mmol) in EtOH (15 ml)} at room temperature and the mixture was stirred for 16h.
The reaction mixture was concentrated and dried under reduced pressure to give
compound le (1.67 g, 100%;) as a white solid which was used without further

purification. LCMS (Method D} retention time = 0.80 mim, m/z = 363.1 (M+H),

Example 1. 5~(5~«(Benzo|djisoxazol-3-yvlmethyl)-1.3,4-oxadiazol-2-v1)-2-butvi-1-(2,6-
dimethoxyphenvh-6-hvdroxypyrnmidin-4(1H}-one

To a mixture of compound lc (600 mg, 1.66 mmol) and 2-(benzo]djisoxazol-3-
vhacetic acid (350 mg, 2 00 mmol} in dioxane {12 mL) was added a 50% solution of 1-
propancphosphonic acid cyclic anhvdnde in ethvl acetate (3.00 mL, 3.00 mmol). The
reaction mixture was heated at 140 °C for 14 h. The reaction mixture was allowed to cool
and purified by reverse phase preparative HPLC (Axia Luna, Sy, C18 column, 30x1(0

mm, 10 min gradient from [5-100%8. A = HAVACN/TFA 90/10/0.1. B = ACNH0/TFA
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QO10/0. 1y to give example 1 (130 mg, 15%;). LCMS (Method D) retention time = 0.84
min, m/z = 504.0 (M+H). 'H NMR (400MHz, CHLOROFORM-d) 8 7.73 (4, /=7.9 Hz,
1H}, 7.62 - 7.49 (m, 2H), 743 {1, /=85 Hz, 1H), 7.32 - 7.27 {m, 1H), 6.69 (d, /=8 4 Hz,
2H), 4.66 (s, 2H), 3.78 (s, 6H), 2.40 (t,.J=7.7 Hz, 2H), 1.62 (g, ./=7.6 Hz, 2H). 1 25 (sxt,
5 =74 Hz 2H), 0.79 (1, J=7 4 Hz, 3H). Human APJ cAMP Potency Range: A,
Example 2 to Example 22 in Table 1 were prepared as described by the general

procedure given for Example 1.

Example 23
10 5-(5-{Benzoldlisoxazol-3-ylmethyl)-1,3 4-oxadiazol-2-y13-2-batyl-1-(2 6-
diethoxypheny)-6-hyvdroxypyrimidin-4{iH}-one

HO OH thyl iodide, K,0C NO2 H,, Pd/C Nz
e iodide, s
;& ~.© o 2 ~© o~
60 °C, overnight MeOH, rt, 2 days
63% 96%

Compound 23a Compound 23b

.0
N
. o
—_—
— \/\)\N OH
~© o~
Example 23
Example 23a. 1.3-Dicthoxy-2-nitrobenzene
A muxture of wdocthane (5.0 g, 32 mmol), 2-nifrobenzene-1,3-diol (1.0 . 6.5
15 mmol) and potassium carbonate (3.6 g, 26 mmol} in BMF (21 ml} was heated at 60 °C
for 14h. The reaction mixture was diluted with EtOAc and washed with water and brine.
The organic laver was dried over sodium sulfate, filtered and concentrated. The residue
was punified by sihica gel chromatography cluting with 0-100% EtQOAc/DCM to give
compound 23a (0.86 g, 63% vield). 'H NMR (400MHz, CHLOROFORM-4) 8 740 -7.16
20 (m, 1H), 6.58 {d, J=8.6 Hz, 2H}, 4. 11 (g, /=6.9 Hz, 4H), 1.39 (¢, /=7.0 Hz, 6H).

Exarople 23b. 2,6-Dicthoxyanitine
A solution of compound 23a (0.85 g, 4.0 mmol) and 10% Pd/C (200 mg, 0.19

mmol) in methanol (20 mLY was stirred under hydrogen atomsphere for 2 days. The

N
(4

reaction muxture was flushed with nitrogen and filtered through a pad of celite. The

filtrate was concenirated under reduced pressure to give compound 23b (700 mg, 96%) as
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a brown solid. The residue was used directly in the next step without further punification.
LCMS (Method D) retention time = 0.61 nun, sz = 182.2 {(M+H).
Example 23, 5-(5-(Benzo|dfisoxazol-3-vimethyvl)- 1,3 4-oxadiazol-2-y1-2-butyl-1-(2,6-
dicthoxyphenyl)-6-hyvdroxypyrmidin-4{ 1 H}-one

Example 23 was prepared from compound 23b following a similar procedure as
described for example 1 {21 mg, 6%) as a colorless film. LCMS (Method D) retention
time = 0.93 min, m/z = 532.0 (M+H). 'H NMR (400MHz, CHLOROFORM-d} § 7.76 (d,
J=8.4 Hz, 1H), 7.60 - 750 (m, 2H), 738 (¢, /=85 Hz, 1H), 7.27 - 7.24 (m, 3H), 6.64 (d,
J=8.4 Hz, 2H), 4.68 (5, 2H), 4.13 - 3.83 (m, 4H}, 2.63 - 2.22 (m, 2H), 1.64 {t, /=7.7 Hz,
2Hy, 1.26 (¢, J=7.0 Hz, 6H), 0.79 (t, /=7.4 Hz, 3H). Human APJ cAMP Potency Range:
A

Example 24 to Example 26 in Table 1 were prepared as described in the general

procedure given for Example 23,

Example 27
5-(5-{Benzoldlisoxazol-3-yimethyi)-1,3 4-oxadiazol-2-v1)-2-butyl-1-(2,6-

dicvelopropylphenvi}-6-hydroxypyrimidin-4{1 Hj-one

4
(O T ¢\
NH, Pd(OAc),, Cy;PHBF, ~ N

NH,
Br Br BOH: \/\/le)‘jka
V/ K;3POj, PhMe/H,0 - N~ “OH
100 °C, 14h As described in
68% compound 1 above
Compound 27a

Example 27

Exarmple 27a. 2,6-Dicyclopropylaniline

A mixture of 2,6-dibromoaniline {0.50 g, 2.0 mmol}, cyclopropyiboronic acid
{0.70 g, 8.0 mmol}, potassium phosphate (1.7 g. 8.0 mmol} and tricyciohexylphosphine
{0.11 g, 0.40 mmol} in tolaene (5 mL} and water (2 mi) was degassed with nitrogen then
palladium acetate (0.12 g, 0.52 mmol} was added. The reaction muxture was heated at 100
°C for 14 b. The reaction mixture was allowed to cool and cthyi acetate was added and
the resutting muixture was washed with water, brine, dried over sodium sulfate and
concentrated under reduced pressure. The residue was purified on silica gel
chromatography chiting with 0-30% EtOAc/hexanc to give compound 27a (240 mg, 68%)
as a vellow oil. LCMS (Method D) retention time = 0.80 min, mz = 174 2 (M+H). 'H

%1
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NMR {(400MHz, DMSC-ds) 6 6.84 (d, J=7.7 Hz, 2H), 6.71 - 6.62 (m, 1H}, 1.82 {tt, /=83,
54 Hz, ZH), 099 - 0.91 (m, 4H), 0.64 - .53 (m, 4H).

Exarnple 27. 5-(5-(Benzo|djisoxazol-3-vimethvl}-1,3 4-oxadiazol-2-v1)-2-butvl-1-(2 6-
dicvelopropyiphenyl)-6-hydroxypyrimidin-4(1 H}-one

Example 27 was prepared from compound 27a following a sinular procedure as
described for compound 1 (12 mg, 20%) as a ¢lear oil. LCMS {Method D) retention time
= 1.0t mun, sz = 524 1 (M+H). 'H NMR (500MHz, DMSQO-ds)} 8 7.88 (d. /=7 9 Hz, 1H},
7.784(d, /=B.2 Hz, 1H), 7.69(t, J=76 Hz, 1H), 741 (t, =75 Hz, 1H), 7.34 (+, /=78 Hz,
{H), 6.86(d, J=7.9 Hz, 2H), 4.83 (5, 2H}, 241 - 2.31 (o, 2H), 1.70 - 1.44 (yu, 4H), 130 -
112 (m, ZH), 1.00 - 0.77 (m, 6H}, 0.72 {t, J=7.3 Hz, 3H), 0.64 - 0.41 {(m, 2H). Human
API cAMP Potency Range: A.

Example 28
2-{53-{5-(Beunzo|disoxazol-3-vimethvl}-1 3 4-oxadiazol-2-y1}-2-butyl-6-hydroxy-4-
oxopvrimidin-1{4H)-yhisopbthalonitrile

0
N
o N-N -N
)Ylo\ ) w
N
I

0
| Zn{CN),, Zn
\/\)\N OH —_— \/\)\
Br Br (Tri-BuP),Pd NC CN
34%
Example 15 Example 28

A muxture of example 15 (30 mg, 0.65 mumol), zinc cyanide (35 mg, 0.30 mmol)
and zinc (3 mg, 6.05 mmol) m DMF (1.0 mL) was degassed with argon and treated with
bis{tri-r-butylphosphinepalladium (8 mg, 8.02 mmol}. The reaction mixture was heated
at 85°C for 14 h. The reaction mixture was filtered and purified by reverse phase
preparative HPLC fAxia Luna, 5y, C18 column, 30x100 mm, 10 min gradient from 20-
100%B. A =H2G/ACN/TFA 20/10/0.1. B = ACN/H20/TFA 90/10/0.1) to give example
28 (9.0 mg, 34% yield). LCMS (Method D) retention time = 0.89 min, m/z =493 9
(M+H). 'H NMR (400MHz, DMSO-de) 8 8.51 (d. J=7.9 Hz, 2H), 8.02 (1. J=7 9 Hz. IH),
788{(d. =79 Hz 1H), 782-776(m, 1H), 773 -7.65 (m, 1H), 741 {t, /=75 Hz, 1H),
485 (s, 2H), 245 -224 (m, 2H), 1.61 (g, /=74 Hz 2H), 135-1.16 (m, 2H). 0.80 (t,
J=7 3 Hz, 3H). Human API cAMP Potency Range: B.

82
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Example 29
2-butyl-5-{5-(4~-chlorobenzyl)-1,3 4-oxadiazol-2-v)-1-(2,6-dicyclopropoxyphenyl}-6-

hydroxypyvrimidin-4{i H}-one

NO, NO,
HO OH Ts0— "¢l o o NaH, DMF
> C|/\/ \/\c| - -
K,CO;, DMF, 100C,3h rt, 76%
56%
Compound 29a

Zn Dust, NHACI

NO,
NO, Et,Zn, TFA o o MeOH, rt, ON
o O > [> ﬂ
\/ \@/ \/ CH2|2, CHzClz 38%

66%
Compound 29b Compound 29¢ .
(0] O’<
N
NH, N| |
D/O o% — \/\)\N on
O o

ompound 29d ;

5 Example 29

Compound 29%. 1,3-Bis(Z-chloroethoxy}-2-nitrobenzene
A mixture of 2-nitrobenzene-1,3-diol (1.0 g, 6.4 mmol}, potassium carbonate {5 .4

10 g, 39 nunol) and 2-chloroethyl 4-methylbenzenesulfonate (3.3 g, 14 mmol) in DMF (10

mbL} was heated at 100 °C for 3 hours. The reaction mixture was allowed to cool to room

temperature and diluted with EtOQAc. The resulting mixture was washed with water and

bring, dried over sodium sulfate, filtered and concentrated under reduced pressure. The

residuc was purified by silica gel chromatography cluting with 0-100% EtQAc/hexane to
15 give compound 29a (1.0 g, 38%;). 'H NMR (400MHz, CHLOROFORM-d) & 7.34 {t,

J=8 6 Hz, 1H), 667 (d, /=86 Hz, 2H), 430 (1, J=6.2 Hz, 4H), 3.77 {t, /=62 Hz, 4H)

Compound 29b. 2-Nitro-1,3-bis(vinvioxybenzene
To a solution of compound 293 (200 mg, 0.71 mmol} in DMF (3 mL) was added
20 NaH (123 mg, 3.10 mmol}). The resulting mixture was stirred at room temperature for 14

k. The reaction mixture was carefully guenched by the addition of MeOH and then brine.
23
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The resulting mixture was extracted with EtOAc. The organic layer was separated and
washed with brine, dried over sodium sulfate, filtered and concentrated under reduced
pressure. The residuc was purified by silica gel chromatography cluting with 0-100%
EtQAc/hexane to give compound 29b (110 mg, 76%;) as a white solid. TH NMR
{(400MHz, CHLOROFORM-d) 8 7.38 (1, /=8.5 Hz, 1H), 685 (d, J=8 4 Hz, 2H), 6.62 (d,
J=5.9 Hz, 1H}, 6.58 (d, /=62 Hz, 1H), 4.93 {dd, /=135, 23 Hz, 2H}, 4.64(dd, J=59,2.2
Hz, ZH}.

Compound 29¢. 1,.3-Dicyclopropoxy-2-nitrobenzene

To a solution of dicthylzine (11.6 mb, 12.7 mmol) in DCM (11 mL} at -10 °C was
slowly added triflucroacetic acid (1.0 mL, 13 mmol} while keeping reaction temperatire
below 0 “C. The reaction nuxture was stirred at ¢ °C for 10 min and then diiodomethane
{1.0 ml, 13 mmol} was added while keeping reaction temperature below 0 °C. The
reaction muxture was stirred at this temperature for 15 min and a sclution of compound
29b (440 mg, 2.1 mmol) in DCM (12 mi) was added dropwise. The reaction mixture was
allowed to warm to RT and stured for 14h. The reaction mixture was carefully guenched
with the addition of 1N HCl and stirred at RT for 15 min. The organic laver was
separated. The aqueous phase was extracted with DCM (500 mL). The combined organic
extracts were washed with brine, dried over sodium sulfate and concentrated under
reduced pressure. The residue was purified on silica gel chromatography cluting with 0-
100% EtOAc/hexane to give compound 29¢ (330 mg, 66%;) as a vellow oil. 'TH NMR
(400MHz, CHLOROFORM-d) 8 7.34 (1, J=8.6 Hz, 1H), 6.97 (d, .J=8.6 Hz, 2H), 3 .84 (11,
J=59,3.0Hz, 2H), 0.87 - 0.70 (m, 8H).

Compound 29d. 2,6-Dhcyclopropoxyaniline

To a sohution of compound 29¢ (300 myg, 1.3 mumol) in MeOH (12 mb} was added
ammonium chloride (410 mg, 7.6 mmol) and zinc (668 mg, 10.2 mmol}. The reaction
mixture was stirred at 60 °C for 14h. The reaction mixture was diluted with a 1I'1 mixture
of BCM:MeOH and filtered through celite. The filtrate was concentrated under reduced
pressurc. The residue was purified on silica gel chromatography eluting with 0-100%
EtQAc/hexane to give compound 29d (100 mg, 38%) as a vellow solid. LEMS (Method
D) retention time = 0.70 min, m/z = 2061 (M+H). 'H NMR (400MHz, CHLOROFORM-

34



WO 2017/106396 PCT/US2016/066750

d) 6 6.87 (d, /=84 Hz, 2H), 6. 70 {dd, J=8.6, 79 Hz, 1H), 3.87 -3.73 (m, 2H}, 3.69 (br. s,
2HD, .88 - 0.70 (m, 8H).

Compound 29, 2-(5-(2-{2-cyclopropviethyly~1-{2 6-dimethoxyphenyiy-6~-hydroxy-4-ox0-
5 14-dihyvdropyrimidin-3-vi)-1,3 4-oxadiazol-2-y1)-N N-dicthylacetarmde

Compound 29 was prepared from compound 294 following a similar procedure as
described for compound 1 (21 mg, 339%) as a white solid. LCMS (Method D) retention
time = |02 min, m/z = 5490 (M+H). 'H NMR (400MHz, CHLOROFORM-d) 6 7.46 (1,
J=85Hz, 1H), 731 (s, 4H), 7.05 (d, J/=8.6 Hz, 2H), 4.24 (s, 2H}, 3.82 - 3.72 {m, 2H),

16 238(t, =76 Hz 2H), 1.58 {quin, J=7.5 Hz, ZH), 137 - L1 (m, 2H}, 0.86 - 0.69 (m,

OH), 0.66 - 0.50 {m, 2H). Human APJ cAMP Potency Range: B.

Example 30 in Table 1 was prepared as described in the general procedure given

for Example 29

15  Example 31
5-(1-benzyi-1H-pyrazol-4-y1}-2-butyi-3-(2 6-dimethoxyphenyl)-6-hydroxypyrinudin-
4(3H}-one

\/\ji;a-a o o \/\)Nl\)j\ 3

e) O E‘tOMGEt N o o gy —N —,
e ~ DCM, 79%
NaH, nBuOH o

100°C, 82%

Compound 31a

OH By Pa{CAc),, CuCl, on N/_Q
N)\I 0 35,005, DPPF Y
; DMF, 100 °C
~° o Q\/N 6.7% \/\)\N o

Compound 31b
Example 21
20 Compound 3ia. 2-Butyl-1-(2 6-dimethoxvphenvi)-6-hvdroxypyrimidin-4{ iH}-one
To a solution of N-(2,6-dimethoxyphenvhpentanimidamide {2.00 g, 8.46 mmol)
and diethyl malonate (6.42 mL, 42.3 mmol) i n-BuOH (15 ml) was added NaH (1.69 g,
42.3 mmol) portion wise. The resulting mixture, after bubbling ceased was stirred at 100
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°C for 4h. The reaction muxture was allowed to cool to RT and the solvent was
evaporated 77 vacuo to remove n-BulH. The residue was diluted with EtQAc and water.
The organic layer was separated and washed with 1M HCI The organic layer containing
some solid was concentrated m vacuo. The residue was triturated with EtOAc and filtered
to afford compound 31a {1.6g, 62%} as an off white solid. MS mz = 3051 (M+H). 1H
NMR (500MHz, CD:0D) 8747, J =86 Hz, 1H). 682(d, J=8.6 Hz, 2H), 541 (s, 1H),
3.81 (s, 6H), 231 (1, J =79 Hz, 2H), 1.44-1.56 (g, ZH), 116-1.26 (m, 2H), 0.77 (¢, } =
7.3 Hz, 3H).

Compound 31b. 3-Bromo-2-butyl-3-(2,6-dimethoxyvphenvl}-6-hydroxypyrimidin-4(3H)-
one

To a stirred solution of compound 31a (100 mg, 0.33 mmol) in DCM (§ mL) was
added 1-bromopyrrolidine-2,5-dione (38.5 mg, 0.330 mmol}. The reaction mixture was
kept at RT for 3h. The reaction mixtare was concentrated in vacuo. The residue was
added to a silica gel (12 g} column and eluted with 0-30% MeOH in DCM. Fractions
containing compound 3 1b were collected, combined and concentrated to give a white
solid (100 mg, 79%) . MS m/z = 385 0 (M+H). THNMR (500MHz, CDCl3) 6 743(t, | =
8.5 Hz, 1H), 6.68 (d, J= 8.5 Hz, 2H), 3.81 (s, 6H), 2.50 (t, J = 8.0 Hz, 2H), 1.52-1.38 (m,
2H), 123-1.32 (m, 2H), 0.81 {t, J = 8.0 Hz, 3H}.

Example 31, 3-(1-Benzyl-1H-pyrazol-4-y1}-2-butyl-3-(2 6-dimethoxyphenyl}-6-
hyvdroxypyrinidin-4{3H}-one

To a mixture of compound 31b (135 mg, 0.039 mumol), 1-benzyi-4-(4,4.55-
tetramethyi-1,3,2-dioxaborolan-2-vI)-1H-pyrazole (22 mg, 0.078 mmol), Pd(OAc): (0.44
mg, 2.0 umol}, copper (1) chlonde (3 .87 mg, 6.0390 mmol}, Cs2C07 (51.0 mg, 0.157
mmol) and DPPF (2.17 mg, 3 91 pmol} was added DMF {1 mL). The reaction mixture
was degassed and heated at 100 °C for 10 h. The reaction muxture was concentrated m
vacuo. The residue was purified via preparative HPLC (Column: XBridge C18, 19 x 200
mm, 3-pm particles; Mobile Phase A: 5:95 acctonitrile: water with 10-mM ammonium
acctate; Mobile Phase B: 95:5 acetonitrile: water with 10-mM ammonium acetate;
Gradient: 15-35% B over 20 minutes, then a S-munute hold at 100% B; Flow: 20
mb/min}. Fractions containing Example 31 were combined and dried via centrifugal
evaporation, to give {1.2 mg, 6.7%;) a white solid. MS m/z = 461 3 (M+H} 1H NMR

(500MHz, DMSO-d6) 6 8.31 (s, IH), 813 (s, 1H), 747 (t, } =79 Hz 1H), 7.18-7.39 (m,
36
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5H), 6.85¢d, J=85Hz, 2H), 533 (s, 2H), 3.75 (s, 6H), 2.24 (brs, 2H), 1.46 (brs, 2H),
112-1.22 (m, 2H), 0.68-0.78 (m, 3H). Human AP] cAMP Potency Range: A,
Example 32 in Table 1 was prepared as descrbed in the general procedure given

for Example 31

Exaraple 33
5~(5-{benzojdjisoxazol-3-vimethyi)-1.3 4-oxadiazol-2-y1}-1-(2,6-dimethoxyphenyi)-6-
hydroxy-2-(cthoxymethylpyrimidin-4( | H)-one

(cocly,

OH NH, TFAA, o~

/\o/\n/ W. /\o/\n/ O/WI o o AlMe;, toluene
then NH, pyridine N 110°C, 57%
67% 97%

Compound 33a Compound 33b

\/O\J\H \}N)_O

NH
0
0 >N
As described in example 1 \/O\)\

above

Compound 33c

Example 33

Compound 33a. 2-Ethoxyacetamide

To a stirred solution of 2-ethoxvacetic acid (1.5 g, 14 mmol) in DCM (20 mb)y at 0
°C was added oxalyl chlonde (8.65 mL, 17.3 mmol}, followed by DMF (2 drops). The
cooling bath was removed and the reaction mixture was stirred at RT for 3h. The reaction
mixture was concentrated under reduced pressure and dissolved in BCM (20 mL).
Ammonia (20.6 mL, 144 mmol} (7 M in MeOH) was added carefully and the reaction
mixtare stirred for 16h. The reaction mixture was concentrated under reduced pressure,
dissolved in DCM, filiered and washed with DCM. The filtrate was concentrated under
reduced pressure to give Compound 33a (1.0 g, 67%) as a white solid. 'H NMR
(500MHz, CDCl3) 6 6.51 {brs, 1H), 546 (brs, 1H), 3.94 (5. 2H), 3.59 (g, J = 6.8 Hz.
2H), 1.25 (t, 1 = 7.2 Hz, 3H).

Coumpound 33b. 2-Ethoxvacetonitrile
To a stirred solution of Compound 33a (1.0 g, 9.7 mmol) in THF (10 mL} at 6°C
was added pyridine (1.57 mb, 19.4 mmol} followed by TFAA (6.85 mL, 485 mmol). The
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reaction mixture was stirred at RT for 1h. Aqueous NaHCO: solution was added carefully
to the reaction muixture until pH = & was attained. The reaction mixture was extracted with
CHoCl (2X). The combined organic layers were washed with IN HCI, dried over
Mg50q, filtered and concenirated in vacuo to give Compound 33b (0.80 g, 97%) as a
vellow iguid. 'H NMR (500MHz, CDCl3) 64.24 (s, 2H), 366 (q. J = 6.9 Hz, 2H), 1.27
{t, § = 6.9 Hz, 3H}.

(v

Compound 33¢. N~(2,6-Dimethoxyphenyl}-2-cthoxvacetimidamide
Trimethyialuminum (2.0 M in toluene, 4.7 mL, 9.4 mmol} was added dropwise to

10 asclution of 2 6-dimethoxyaniline (1.2 g, 7.8 mmol) and Compound 33b (080 g, 9.4
mmal} in toloene (10 mb) while cooling in an ice bath. After addition was complete, the
reaction mixture was heated to 110 °C and was stirred at this temperature for 14h. The
reaction mixture was allowed to cool and was partitioned between a saturated solution of
Rochelle's salt and EtQAc. The organic phase was separated, dried over MgSQy, filtered

15 and concentrated under reduced pressure. The residue was added to a silica gel (120 g)
column and was eluted with 0-20% of 20% MeOH/DCM 10 0.5% TEA/DCM o give
Compound 33¢ {1.1 g, 57%) as a brown liquid. MS m/2z = 2390 (M+H). 1HNMR
(500MHz, CDCL) 3 7.01(t, } =83 Hz 1H), 6.62(d. J =77 Hz, 2H). 532 (s, 2H), 4 88
{brs, 2H), 431 (s, ZH)}, 3.82 (5, 6H), 3.62-3.73 {m, 2H}, 1.19-1.33 {m, 3H).

20 Example 33 was prepared from compound 33¢ following a similar procedurc as
described for example 1 (1.2 mg, 1%) as a colorless film. LCMS (Method A) retention
time = 1.15 min, m/z = 5059 (M+H). IH NMR (500MHz, DMSO-d6} 6 787(d, 1=79
Hz, 1H), 7.78(d, J=85Hz, 1H), 769 (t, J =76 Hz, 1H), 743 (¢, I=79Hz, 1H), 742
(t, F=70Hz iH), 681 (d, =835 Hz, 2H), 4 80 (s, ZH), 3.95 (5, ZH), 3.76 (5, 6H}, 3.33

25 {q.1=67Hz 2H), 1.01 (¢, J =67 Hz, 3H). Human APJ cAMP Potency Range: A,

Example 34 to Example 41 in Table 1 were prepared as described in the general
procedure given for Example 33,
Example 42
30 5-(S-(benzoldhsoxazol-3-vimethyly-1,.3 4-oxadiazol-2-y1}-2-(2-cyclopropyiethy -1-2 6-

dimethoxyphenyi}-6-hvdroxypyrimidin-4{1H}-one
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DCM, pyridine fe)
O
OH /©/SOZCI 0°C-rt /@/\\S’: O/\/A
>_/ _— -

(74%)
Compound 42a
NaCN, TBAI, NH, MesAl, toluene,
0,
DMF, 90°C /—CN . _O O 110°C
- - _—
99% 44%

Compound 42b

Jo)
N
- N>\)\_®

O N
NH — T
v — N'JILO
As described in
0 o< Example 1 above WN OH
/O\©/O\
Compound 42c

Example 42

Compound 42a. 2-Cyclopropvicthyl 4-methyvlbenzenesuifonate

To 2-cyclopropylethanol at 0 'C (0.98 g, 11 mmol) and pyridine (2.4 mL, 30
mmaol} in DCM (15 mL}Y was added 4-methvibenzene-1-sulfonyl chlonde (22 g, 11
mmal}. The cold bath was removed and the muxture allowed to warm to room
temperature for 14 h. The reaction mixture was diluted with water and EtO and the
phases were separated. The organic phase was washed sequentially with water, 10%
aqueous HCY and brine, dried (MgS0O4) filtered and concentrated under reduced pressure
to give Compound 413 (2.0 g, 74%) as a clear colorless oil. Compound 42a was used in
the next step without further purification. MS m/z = 241 4 (M+H). 'H NMR (400MHz,
CHLOROFORM-d) 8 7.77 (d, /=8.1 Hz, 2H). 7.32 (d. /=8.4 Hz, 2H), 4.06 (t, /=67 Hz,
2H), 242 (s, 3H), 136 - 145 (m, 2H), 0.70-0.37 (m, 1H), 0.44 - 0.32 (m, 2H)}, 0.04 - -
0.10 {m, 2H).

Compound 42b. 3-Cyelopropylpropancnitrile

To a solution of Compound 47a (1.0 g, 4.2 mmol) in DMF (5 mL) was added
NaCN (0.60 g, 13 mumol) and TBAI (0.06 g, 0.2 mmol) and the reaction mixture was
stirred at 90°C for 14h. The reaction mixture was allowed to cool to room temperature,
diluted with E0O and brine and the phases werg separated. The organic phase was
washed with 10% agueous LiC, dried over MgS0., filtered and concentrated under
reduced pressure to give Compound 42b {0.39 g, 99%) as a clear colorless o1l, which was
used in the next step without farther purification. 'H NMR (CHLOROFORM-d) 8 2.27 (4,

%9
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1=7.2 Hz, 2H). 1.34-1.46 (m, 2H), 0.62-0.74 {m. 1H), 0.34-0.45 (m, 2H). -0.03-0.04 (m,
2H).

Compound 42¢. 3-Cyclopropyvl-N-(2,6-dimethoxyphenvipropamimidamide
5 To a mixture of Compound 42b (0.37 g, 3.9 mmol) and 2 6-dimethoxyaniline (0.5
g, 3 mmol} in toloene (5 mL), at 0°C, was added a ZM solution of tnmethylalumimum in
hexane (2 ml, 4 mmaol} dropwise. The reaction mixture was allowed to wamm to room
temperature and heated at 110°C ovemight. The reaction muxture was allowed to cool to
RT and quenched with saturated aqueous Rochelle’s salt and EtOAc. The phases were
10 separated, the aqueocus phase was extracted with EtQAc. The organic phases were
combined and washed with brine, dried over MgSQOu, filtered and concentrated under
reduced pressure. The residue was purified by silica gel chromatography eluting with 0
to 30% MeOH/0.5% TEA in DCM to give Compound 42¢ (0.35 g, 44 % vield) as an
orange oif. MS m/z = 249 4 (M+H). '"H NMR (METHANOCL-ds) 8 7.01 (1, J=8.3 Hz, 1H),
15 6.64(d, J=83Hz, 2H), 2.29-2.48 (m, 2H), 1 50-1.67 {m, ZH), 0.78-0.93 (m, 1H), 0.44 (s,
2HD, 0.02-0.16 (m, 2H).

Example 42 was prepared from compound 42¢ followimg a similar procedure as
described for example 1 {6 mg, 7%} as a colorless film. LCMS (Method A) retention time
=134 min, mz = 516.0 (M+H). "H NMR (500MHz, DMS(-d6) 8 8.03 (d, J=7.9 Hz,

200 1H), 7.95(d. J=0.5 Hz, 1H), 7.82-7 88 (m, 1H), 7.67 (1, =84 Hz, 1H), 7.58 (t, =7 5 Hz,
1H), 7.03 (d, J=8.5 Hz, 2H), 4.98 (s, 2H), 3.94 (s, 6H), 2.61 (1, }=7.5 Hz, 2H), 1 47-1.55
{m, ZH), 0.72-0.84 (m, 1H), 0.43-0.53 (m, ZH), -0.03-0.04 (m, ZH). Human APJ cAMP
Poteney Range: A.

Example 43 to Example 47 in Table | were prepared as described in the general

25 procedure given for Example 41
Example 48
5-(3-{Benzoldlisoxazol-3-yvimethyi)-1,3,4-oxadiazol-2-v1)-2-butyi-1-(2,6-
dif Ha}methoxyphenyl}-6-hydroxypyrinmidin-4¢ 1H}-one

30

90



WO 2017/106396 PCT/US2016/066750

NO; K,CO3, acetone, NO, Fe, AcOH,
HO\©/OH + ooy 65°C DsCO OCD, EtOH, H,0, 90°C
3 _— _—
66% yield 97% yield
Compound 48a
\/\)’\IJ\H
NH; AlMe;, toluene, NH
D;CO. OCD; NN 110°C DsCO. OCD3 +
—_—
64% yield
Compound 48b Compound 48c
o}
NJXCOZEt
toluene, 1 | NH,;NH,,
COoEt 155°C, pw \/\)\N OH EtOH, 50°C

A e
EtO,C” “CO,Et D5;CO. OCD o i
? 2 33% yield ® \@/ 3 99% yield
0
Compound 48d N
o O o N-N \
;N
N| I NHNH,
\/\)\N OH

H (9]

(0] ! N
T3P, dioxane
) ) ||
. o 140°C \/\)\N OH
D5CO OCD3 N N D3CO OCD3
d 36% yield

Compound 48e
Example 48

Compound 48a. 1,3-Di’Hs imethoxy-2-nitrobenzene

To a solution of 2-nitrobenzene-1,3-diol (1.75, 11.0 mmol) in acetone (175 mL)

(9]

was added methyl-ds todide (4.9 g, 34 mmol} and KoCOs5 (3.1 g, 23 mmol). The reaction
mixture was stirred at 65°C for 14h. After allowing to cool to RT, the mixture was
concentrated under reduced pressure. The residae was diluted with water and extracted
with EtOAc (3x). The combined extracts were washed with brine, dried over MgSQOa,
filtered and concentrated under reduced pressure. The residue was purified by silica gel
10 chromatography ehuting with 0 to 80% EtQAc/hexanes to give Compound 482 (1.4 g,
656%) as a light vellow foam. MS m/z = 190 .4 (M+H)}. 'H NMR (CHLOROFORM-d)} 8
725 (t, J=8.5 Hz, 1H), 6.55 (d, =8 4 Hz, ZH}

Compound 48b. 2.6-Dif*Hzimethoxvaniline

15 To a solution of Compound 48a {1 4 g, 7.5 mmol) in a mixture of AcOH (40 mL),
EtOH (40 mbL) and B0 (20 mL) was added iron (2.5 2, 45 mmol) potion wise and the
reaction mixiure was stirred at 90°C for 14 h. The reaction muxture was allowed to cool to
RT, poured onto ice, basified carcfully with the addition of solid NaxCOs and extracted

with EtQAc (3X}. The combined organic extracts were washed with brine, dried over
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MgSO4, filtered and concenirated under reduced pressure to give compound 48b (1.2 g,
97%;) as a dark solid. Compound | la was used without further purification. MS m/z =

160.4 (M-+H).

Compound 48¢. N~(2,6-di[*Hajmethoxyphenyl)pentanimidamide

To a mixture of Compound 48b (1.2 g, 7.2 mmol) and pentanenitrile (0.72 g, 8.6
mmal} in toluene (31 mkb) at 0°C was added 2M trimethylalumimum in hexane (4.3 mi,
8.6 mmol} dropwise. The reaction mixture was allowed to warm to room temperature and
was heated at 100 °C for 14 h. The reaction mixture was allowed to cool to RT and
quenched with saturated aqueous Rochelle’s salt and EtOAc. The phases were separated
and the agueous phase was extracted with EtOAc. The organic phases were combined and
washed with brine, dried (MgSQs), filtered and concentrated under reduced pressure. The
residug was purified by silica gel chromatography eluting with 0 to 30% MeQOH/0.5%
TEA in DCM to give Compound 48c (1.1 g, 64%) as an orange oil. MS m/z=243 4
(M+H). 'THNMR (METHANOL-ds) 6 7.01 ¢t, J=8.3 Hz, 1H), 6.64 (d, }=8.4 Hz, 2H),
222-234 {m, 2H), 1.60-1.72 (m, 2H), 1.40-1.53 (m, 2H), 0.96 {1, J=6.7 Hz, 3H).

Compound 48d. Ethyl 2-butyl-1-(2,6-di*Hs|methoxyphenyi)-6-hydroxy-4-oxo-1,4-
dibydropyrimidine-S-carboxyiate

A solution of Compound 48¢ (0.35 g, 1.4 mmol) and triethyl
methanetricarboxylate (8.50 g, 2.2 mmol} in toluene {10 mi) was heated at 155°C ina
microwave reactor for 15 min. The reaction mixture was concentrated under reduced
pressure. The residue was purified by silica gel chromatography eluting with 0 to 100%
EtOAc/hexanes 1o give Compound 484 (0.18 g, 33%) as a pale yellow sohd. MK m/z =
383.4 (M+H). 'H NMR (METHANOL-d4) 37 .88 (t, =8 3 Hz, 1H), 722 (d. }=8.3 Hz,
2H), 4 73 (g, J=7.1 Hz, 2H), 2.75 (1, J=7.7 Hz, 2H), 1. 8&-1.97 (m, 2H), 1.72 (t, =7 2 Hz,
3H), 156-1.65 (m, ZH), L16 (1, =74 Hz, 3H)

Compound 48¢. 6-2-Butyi-1-(2,6-di|"Hajmethoxyphenyl)-6-hydroxy-4-oxo-1,4~

dibydropyrimidine-5-carbohydrazide

To a suspension of Compound 48d (105 mg, 0.280 mmol) m ethanol {5 mL} was
added anhydrous hydrazine 0.086 mL, 2.8 mmol) and the reaction mixture was stirred for

2h at 30°C. The reaction mixture was concentrated under reduced pressure to give
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Compound 47¢ (100 mg, 99%) as an off- white solid. MS m/z = 3694 (M+H). ). 'HNMR

(METHANOL-ds) 5 7.88 {t. }=8.5 Hz, 1H), 7.22 (d, =% 3 Hz, 2H), , 2.71 (1, J=7.7 Hz,
JH), 1.88-1.97 (m, 2FD), 1.56-1.65 {m, 2H), 1.16 (¢, 3=7.4 Hz, 3F)

5 Esxample 48. 5-(5-(Benzold}isoxazol-3-yImethyi}-1,3 4-oxadiazol-2-v1)-2-butyl-1-(2,6-
dif*Hzimethoxyphenyi-6-hydroxypyrimidin-4{ I1H}-one
To a sohution of Compound 48¢ (30 mg, 0.081 mmol) inx dioxane 2.3 mL) was
added 2-(benzojdjisoxazol-3-ylacetic acid (17 mg, 0.098 mmol) followed by a 50%
solution of 1-propanephosphonic acid cvelic anhydnde in ethyl acetate {0.145 mL, 0.244
10 mmol}. The reaction mixture stirred at 140 °C for 14 h. Additional 50% sohution of 1-
propanephosphonic acid cyclic anhydride in ethyl acetate {0,145 mb, 0.244 mmol} was
added and the reaction mixture was stirred at 140 °C for Sh.  The reaction mixture was
concentrated under reduced pressure then punified by prep HPLC { conditions: Column:
X Bridge {18, 19 x 200 mum, 5-pm particles; Mobile Phase A: 5:95 acetonitrile: water
15 with 10-mM anmmorgum acetate; Mobile Phase B: 955 acetonttrile: water wigh 10-mM
ammomum acetate; Gradient: 10-50% B over 20 nunutes, then a S-munute bold at 100%
B Flow: 20 mL/min .} to give Example 48 (15 mg, 36% ). LCMS (Method Ay Rt = 1.34
min, m/z = 5101 (M+H). THNMR (DMSO-d6) 6 785 (d. J=79 Hz, 1H), 7.73-7.79 (m,
1H), 7.69(t. J=7.6 Hz, 1H), 748 (t, =85 Hz, 1H), 741 (£, =75 Hz, 1H), 6.83 (d, J=8.5
200 Hz 2H), 4.77 (s, 2H), 2.30 (1, =75 Hz, 2H), 1.41 (s, 2H), 1.12-1.18 (m, ZH), 0.69 (1,
J=7.3 Hz, 3H). Human API cAMP Potency Range: A.
Example 49 in Table 1 was prepared as described in the general procedure given
for Example 48.

Example 50 to 51 i Table 1 were prepared from compound 48b and compound

25 33b following a similar procedure as described for example 48
Example 52
2-(5-(2-(2-Cvclopropylethy}-1-(2,6-dimethoxypheny}-6-hyvdroxy-4-oxo-1 4-
dihydropyrimidin-5-y1)-1,3 4-oxadiazol-2-v1}-N N-diethylacetamide

30
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Example 52

Compound 52a. Ethyl 2-(5-(2-(2-cyclopropyiethvly-1-(2,6-dimethoxyphenyi}-6-hydroxy-
5 deoxo-1 4-dihvdropyrimidin-3-y1)-1,3 d-oxadiazol-2-yhacetate
To a solution of Compound 42¢ {50 mg, 0.13 mmaol) in dicxane (2.0 ml) was
added 3-¢thoxy-3-oxopropanotic acid {21 mg, 0.16 mmol) and DIEA (43 mg, 0.33 mmol)
followed by a 50% solution of 1-propanephosphonic acid cyclic anhvdnide in ethyi
acetate (0.40 mL, 0.67 mmol) and the reaction mixture heated by microwave nradiation at
10 160 °Cfor th The reaction mixture was concentrated vnder reduced pressure and the
residue was purified by silica gel chromatography eluting with 0 to 20% McOH/DCM to
give Compound 52a (32 mg, 50%;} as a vellow oil, M8 m/z =471.5 (M+H). 1H NMR
{(DMSO-d6, 500MHz) 8 7.62 (1. J=8.2 Hz, 1H), 7.01 (d, J=8.5 Hz. 2H), 4.37 (s, 2H), 3.95
(s, 6H), 4 31 {qg, J=6.5 Hz, ZH), 2.43 (1, }=7.2 Hz, 2H), 1.49-1.57 (m, 2H), 1.41 {1, }=6 9
I5  Hz, 3H), 0.73-0.84 (m, 1H), 0.43-0.52 (m, 2H), -0.03-0.05 ppm (m, 2H)

Compound 32b. 2-(5-(2-(2-cvclopropvlethyl}-1-(2,6-dimethoxvphenvl}-6-hydroxy-4-0x0-
1 4-dibydropyvrimidin-5-vi)-1,3,4-oxadiazol-2-vljacetic acid
To a solution of Compound 52a (32 mg, 0.067 mmol) i a muxture of THF (1 mlb)

20 and H20 (0.10 mL) was added lithium hvdroxide monohvdrate (9.6 mg, .30 mmol) and
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the mixture was stirred at 40°C overmight. The reaction mixture was acidified to pH=2
with 1N HCL, concentrated vader reduced pressure and the residue was purified by prep
HPLC( conditions: Column: Phenomenex AXIA Luna C18, 20 x 200 mam, S-um
particles; Mobile Phase A: 10% acetomitnile/ 90%water/0. 1% TFA; Mobile Phase B: 90%
acetonitnle/10% water/0.1% TFA; Gradient: 0-100% B over 10 nunutes, then a 3-minute
hold at 100% B; Flow: 20 mbL/min )} to give compound 52b {6 myg, 20%}) as a white sclid.
MS m/z = 443 4 (M+H), 1TH NMR (DMS0-do, 500MHz) 8 7.62 (1, J=8.2 Hz, 1H), 7.01
(d, I=8.5Hz, 2H), 4.37 (5, 2H), 3.95 (5, 6H), 243 (1, =7 2 Hz, ZH), 1.49-1 57 (m, 2H),
0.73-0.84 (m, 1H), 0.45-0.52 {m, 2H)}, -0.03-0.05 ppm {m, 2H}

Example 52. 2-(5-(2-(2-cvclopropyicthyl}-1-(2.6-dimethoxyphenvi}-6-hydroxy-4-oxo-
1 4-dibvdropyrimidin-3-vi)-1.3 . 4-oxadiazol-2-v1}-N, N-dicthyiacctamide

To a solution of Compound 52b {6 mg, 0.01 mmol} in DMF (0.5 mL) was added
BOP (7.2, 0.016 mmoh), diethylamine (2 mg, 0.03 mumol) and TEA (6.9 mg, 0.068 mmoh)
and the reaction nuxture was stirred at room temperature for 2h. The reaction mixture
was puritfied by prep HPLC ( conditions: Column: XBridge C18, 19 x 200 mm, 5-um
particles; Mobile Phase A: 5:95 acetonitrile: water with 10-mM ammomum acetate;
Mohile Phase B: 955 acctonitrile: water with 10-mM ammonium acetate; Gradient: 10-
50% B over 20 minutes, then a S-minute hold at 100% B; Flow: 20 mbL/min.}) to give
Example 52 (2.8 mg, 41% vield). LCMS (Method B) Rt = 1.34 min, m/z = 4981 (M+H).
1H NMR (DMSO-d6, 500MHz) 8 7.62 (t, =82 Hz, 1H), 7.01 (d, J=8.5 Hz, 2H), 4.21 (s,
2Hy, 3.95 (s, 6H), 3.59 {q, J=6.7 Hz, 1H), 3.48 (g, }=6.5 Hz, 2H), 2.43 (1, }=7.2 Hz, 2H),
1.49-1.57 (m, 2H), 1.34 (t, J=6.9 Hz, 3H), 1.23 (1. }=6.9 Hz, 3H), 0.73-0.84 (m, 1H),
0.45-0.52 (m, 2H), -0.03-0.03 ppm (m, 2H). Human APJ cAMP ECsc Potency range A.
Example 53
N-{{5-(2-(2-cvclopropylethyi}-1-(2,6-dimethoxypheny}-6-hydroxy-4-oxo0-1.4-

dihydropyrimidin-3-v1}-1,3,4-oxadiazol-2-vDmethy}-N-methvipicolinamide
yGrops ¥ 3
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BOC\
o O 0 I\’—N\>\/N\
O_oH T3P, dioxane, N o
N NHNH: Boc j’ DIEA, 160°C, pw |
_ OEA TV W
WN OH + N N” T OH
H3CO\©/OCH3 / 42% yield H3CO\©/OCH3
Compound 42¢ Compound 53a

0 N-N  HN—
|
0

| S
N O
TFA, DCM, | x DMF, BOP,
rt N TEA, 1t

H + I

HaCO OCH NN O
100% yield 3 \@/ 3 g 56% yield

Compound 53b

@
\ =N
o N-N N
> %

Y °
v/\)\N OH
H3CO\©/OCH3

Example 53

Compound 53a. tert-Butyl (5-(2-(2-cyclopropvlethy )-1-(2,6-dimethoxyphenyvl}-6-

(v

hydroxy-4-ox0-1,4-dihvdropyrimidin-5-yiy-1,3.4-oxadiazol-2-
vhmethyD{methylcarbamate
To a solution of Compound 42¢ (60 mg, 0.16 mmol} in dioxane (2.0 mL) was
added 2-((tert-butoxycarbonyl¥methyDaminoacetic acid (36 mg, 0.19 mmol) and DIEA
{52 mg, 0.40 mmol} followed by a 50% solution of 1-propanephosphonic acid ¢ychic
16 anhydrde in ethyl acetate (0.38 mi, 0.64 mmol} and the reaction muxture was heated by
microwave irradiation at 160 °C for 30 min.  The reaction mixture was concentrated
uader reduced pressure and the residue was purified by silica gel chromatography eluting
with 0 to 100% EtQAc/bexane to give Compound 10a (36 mg, 42% ) as a clear colorless
oil, MS m/z = 528 4 (M+H). 1H NMR 'H NMR (CHLOROFORM-d) 8 7.53 (t, J=8.6 Hz,
15 1H), 6.74-6.84 (m, 2H), 4.73 (s, 2H). 388 (g, 6H), 2.57 (t, J=7.7 Hz, 2H), 2.14 (5, 3H),
1.60-1.69 (m, 2H), 1.52 (s, 9H}, 0.63-0.79 {m, 1H), 0.38-0.51 {m, 2H)}, -0.03-0.02 (m, 2H)

Compound 33b. 2-(2-cyclopropyicthyi)-1-(2,6-dimethoxyphenyh)-6-hvdroxy-5-(5-

({methylamino)methyl)-1,3 4-oxadiazol-2-yDpyrimidin-4( 1 H}-one

96
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To a solution of Compound 53a (36 mg, 0.068 mmol} m DCM (0.5 mL) was
added TFA (0.5 mbL} and the reaction muixture was stirred at room temperature for 1h. The
reaction nuxture was concentrated voder reduced pressure to give compound 53b (29 mg,
100%;) as a vellow solid that was used without further purification MS m/z =4284

{M+H]).

Exarople 53. N-((5-(2-(Z-cvclopropylcthyi}-1-(2 6-dimcthoxyphenyh-6-hvdroxy-4-oxo-
L 4-dihvdropyrimidin-5-vi)-1,3 4-oxadiazol-2-yDmethyl}-N-methvipicolinamide

To a solution of Compound 53b (15 mg, 0.033 mmol) im DMF (0.5 mL) was
added BOP (19 mg, 0.042 mmol), picolinic acid (4.2 mg, 0.035 mmol) and TEA (1€ mg,
0.18 mmol} and the mixture was stirred at room temperature for Th. The reaction nuxture
was purtfied by prep HPLC ( conditions: Columnp: XBridge C18, 19 x 200 nm, 5-pm
particles; Mobile Phase A: 5:95 acetonitrile: water with 10-mM ammonium acetate;
Maobile Phase B: 955 acetonitrile: water with 10~-mM ammonium acetate; Gradient: 10-
50% B over 20 minutes, then a 5-minute hold at 100% B; Flow: 20 mL/min.} to give
Example 33 (11 mg, 56% vield). LCMS (Method B) Rt = 1.32 min, m/z = 5331 (M+H]).
1H NMR (DMSO-do) Shift: 8.80 (d, J=3.7 Hz, 1H), 8.13 (t. J=7.6 Hz, 1H), 780 (d, }=7.6
Hz, 1H), 7.59-7.67 (m, 2H), 7.01 (d. }I=7.9 Hz, 2H), 5.11 (s, 2H), 3.26 (5, 3H), 2.69 (s,
6H), 2.44-2.54 (m, 3H), 1.47-1.57 {m, 2H)}, 0.72-0.83 {m, 1H), 0.45-0.52 (m, ZH), -0.03-
6.03 {m, 2H). Huoman APJ cAMP ECso Potency range A.

Example 54 in Table 1 was prepared as described in the general procedure given

for Example 53.

Table |
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Example 55-58 in Table 1 was prepared as described in the general procedure given
for Example 53.
Example 59-73 in Table 1 was prepared as described in the general procedure given

for Example 1.

Example 74
(S)-5-(5-(Benzo[dlisoxazol-3-ylmethyl}-1,3 4-oxadiazol-2-y1}-2-butyl-6-hydroxy-3-(1-
phenylpropyhpyrimidin-4(3H)-one

JNH, " CO,Et
c M EtO,C” “CO,Et
—_—
NC/\/\ ‘ o .
0°Ctort K - —~ Toluene
Overnight EtOH/DIEA 39%
0 RT/overnight
99%
Compound 74a 48% Compound 74b
N-o
OH OH O y
CO,Et 0O
NI)I 2 Nl)YLN,NHZ O\ _ OH O \N
NH,NH N )
\/\)\N 0] e, \/\)\N o —OH> Nl N
. EtOH, RT .
N quant ~ 4P \/\)\ N0
13% \\\‘J
Compound 74¢ Compound 74d Example 74

Compound 74a. Ethyl pentaninudate hydrochloride

Pentanenitrile {9 ml., 86 romol} n EtOH (59.9 mL, 1.03 mol) was cooled to 0°C by ice bath.
AcCl(48.64 mL, 685 mmol) was added dropwise over 3 hours. After complete addition, the
reaction muxture was stirred at room temperature. After 16 h, the solution was concentrated
under reduced pressure. The residue was washed with EO two times o remove trace HC,
then the sohid was suspended in 200 ml of EO and stored in refrigerator for 14h. Compound

20a (14 g, 99% vield) was obtained by filtration as a white solid. "H NMR (400MHz,
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CHLOROFORM-d) § 4.64 (d, J=6.6 Hz, 2H), 2.74 (t, J=7.5 Hz, 2H), 1.87 - 1.64 (m, 2H),
1.49 (1, J=6.2 Hz, 3H), 1.45 - 1.38 (m, 2H), 0.95 (¢, J=7.3 Hz, 3H).

Compound 20b. {8)-N-{1-Phenylpropylpentanimudamide

To a solution of compound 74a (1.35 g, & 15 mmol} in ethanol (15 mL) was added (S)-1-
phenylpropan-1-amine (0.918 g, 6.79 mmol) at 0°C. The reaction mixture was stured from
0°C to room temperature over 14 b, followed by addition of ammomnia in MeOH (14.6 mL,
102 mmol} and stirred at room temperature for 2 howrs. The reaction mixture was
concentrated and the residue was dissolved in MeOH and purified by prep HPLC. The
fractions containing Compound 20b were collected and concentrated under reduced pressure.
The residue was dissolved in DCM and washed with 1N NaOH (2X). The combined organic
layer was washed with brine and concentrated under reduced pressure to afford compound
74b (710mg, 48% vyield) as a colorless oil. MS m/z = 219 [M+H]" 'H NMR (400MHz,
CHLOROFORM-d) § 7.29 - 7.05 (m, SH), 4.41 (br. s., 1H), 2.23 - 2.05 (m, 2H), 1.91 - 1.62
(m, 2FD), 1.55 - 1.38 (m, 2H), 1.27 (sxt, J=7.4 Hz, 2H), 0.83 (td, J=7 4, 2.0 Hz, 61).

Compound 74¢. {S)-ethyl 2-butyl-4-hydroxy-6-oxo-1-(I-phenvipropvi)-1,6-
dihydropyrimudine-S-carboxylate

A mixture of 74b (710 mg, 3.25 mmol), triethyl methanetricarboxylate {1.24 mL, 5.85 mmol)
and toluene (15 mL} was heated at 160°C for 1 hour in a microwave reactor. The reaction
mixture was allowed to cool to room temperature and loaded onto a 40 g ISCO column
ehuted with 0-70% EtOAc/DCM for 30muin. The fractions containing Compound 74¢ were
collected and concentrated under reduced pressure to give 74¢ {580 mg, 39 % vield). MS mz
= 3593 [M+H]" H NMR (400MHz, METHANOL-ds at 333K} 8 7.43 - 7.35 (m, 2H), 7.33
- 7.26 (m, 3H), 6.26 (br. 5., 1F), 4.43 - 4.30 (m, 2H), 2.75 - 2.51 (m, 3H), 2.47 - 2.24 (m,
1H), 1.67 - 1.51 {m, 1FD), 1.40 - 1.28 (m, 4FD), 1.26 - 1.13 (m, 2H), 1.04 (t, J=7.4 Hz, 3H),
0.79 (t, J=7.4 Hz, 3H). "C NMR (101 MHz, METHANOL-dsat 333K3 8 171.0, 169.5,
162.5,140.7, 1301, 128.7, 127.7, 93.0, 62.9, 60.3, 36.1. 30.4, 30.3, 25.7, 233, 146, 13.9,
11.5.
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Compound 74d. (5)-2-Butyl-4-hydroxy-6-oxo-1-(1-phenylpropyl)-1,6-dihvdropyrimidine-5-
carbohydrazide
To a solution of compound 74¢ (210 mg, 6.586 mmol) in BEtOH (2 ml) was added hydrazine
(0.368 ml, 11.7 mmol). The reaction mixture was stirred at room temperature for 14h. The
solvent was removed under vacuum to give 74d (202 mg, 0.586 mumol, 100 % yield) which
was used in the next step without further purification. M8 m/z = 345 [M+H]".
Example 74
A solution of 74d (55 mg, 0.16 mmol) and 2-(benzo[djisoxazol-3-vijacetic acid (33.9 mg,
(. 192 mmol} in dioxane {1 mb) was added 2,4,6-tripropyl-1,3,5,2,4 6-trioxatriphosphinane
2.4, 6-tmoxade {T3P) (0.190 mL, 0.320 mmol). The reaction mixture was heated at 160°C for
24 hours. The reaction nuxture was allowed to cool to room temperature then quenched by
the addition of MeOH. The residue was purified via preparative LC/MS {(Column: XBridge
C18, 19 x 200 mm, 5-um particles; Mobile Phase A: 5:95 acetomitrile: water with 0.1%
trifluoroacetic acid; Mobile Phase B: 95:5 acetonitrile: water with 0.1% triftuoroacetic acid;
Gradient: 30-70% B over 20 minutes, then a 5-minute hold at 100% R; Flow: 20 mL/min.
Fractions containing the Compound 74 were combined and dried via centrifugal evaporation)
to vield 9.9 mg, 13%. '"H NMR (500 MHz, DMSO-ds) 8 7.88 (br d, /=7.3 Hz, 1H), 7.78 {br
d, =85 Hz, 1H), 7.70 (br t, J=7.6 Hz, 1H), 7.46 - 7.35 (m, 3H), 7.32 (br d, J=7.3 Hz, 3H),
4.81 (br s, 2H), 2.40 (m, 2H), 1 87 (m, 4H), 1.05 - 0.73 {m, 6H). LC-MS (Column: Waters
Acquity UPLC BEH C18, 2.1 x 50 mm, 1.7-um particles; Mobile Phase A: 5:95
acetonitriie: water with 10 mM ammonium acetate; Mobile Phase B: 95:5 acetonutrile water
with 10 mM ammonium acetate; Temperature: 30 °C; Gradient: 0-100% B over 3 minutes,
then a 0.75-minute hold at 100% B; Flow: 1.11 mL/nun; Detection: UV at 220 nmn) RT =
1.82 min, MS (EST) w2 486.1 (M+H)". Human APJ cAMP Potency Range: A.

Example 75 to 124 n Table 2 was prepared as described 1n the general procedure

given for Example 73.
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WHAT IS CLAIMED IS:

I A compound of Formula (1)

M
or a sterecisomer, an cnantiomer, a diasterecisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein:
alk is Cre alkyl substituted with 1-3 R,
rng A 1s 5-to 6-membered heteroaryl;
ring B is independently selected from Cs.s cyveloalkvl, Css cycloalkenvi, arvl, bicyelic

carbocvelyl, and 6-membered heteroarvl;

R! is independently selected from H, halogen, NOz, -(CH2ORP, (CH2).S(O)pR.., -
(CH)uC(EOIRY, (CH2)NRR?, -(CH2CN, (CHpC(EOINRIR?, -(CH2)aNRAC(
=(NRC, -{CH)NRAC(=0)NRR?, «{(CH2)uNRACE=O0RE, -(CH2 ) OC(=0)NRR?,
{CH2C(EOYORP, (CHuS(O)NRIR?, -(CH2)aNRAS(O)pNRIR?, -(CH2WNRS(0
RS €14 alky! substituted with 0-3 R, {CHz)-Cs-6 carbocyely! substituted with
(-3 R®, and -{CHzw-heterocyelyl substituted with -3 R,

RZ is independently selected from Crs alkvi substituted with 0-3 R®; Cz.5 alkenyl
substituted with 0-3 R®, arvl substituted with 0-3 R®, heterocvelvl substituted with
-3 R®, and C36 cycloalkyl substituted with 0-3 R®; provided when R?1s Cis
alkyl, the carbon atom and the groups attached thereto except the one attached to
the pyrinidine ring may be replaced by O, N, and §;

R3 is independently selected from

(1) {CRBRHCEODOC 14 alkyl substituted with -5 RS,
(2) -{CRAR)NRSR?,

(3) -(CRARHAL(=0OINRERY,

(43 -(CRIRNNRWCEO) Craalkyl substituted with 0-3 RE,

- 137 -
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(5 -(CRIRMHNRAC(=ONCRR* 3OC aalkyl substituted with 0-5 Re,
{(6) -(CRIR")W-R,

{7y (CR*RH)- OR’, and

(8) (CRRHNRC(=OHCRR MR,

R4 is independently selected from H, halogen, NR?R?, OC 4 alkyl, and Cy_4 alkyl; or R*
and R* together with the carbon atom to which they are both attached form Cas
cveloalkyl substitoted with 0-5 RS,

RS is independently selected from -(CHz)a-C_yg carbooycle and -(CHo)e-heterocycle
comprising carbon atoms and 1-3 hetercatoms selected from N, NR® 0, and §,
cach substituted with 0-5 RS;

R is independently selected from H, halogen, =0, ~(CH2ORY, (CH2)S(O)pR.. -
{CH2C(=OR, -(CH2)NRAR?, «(CHWCN, (CH2RC(=0INRAR?, {(CHu)uNRC(
=0)R®, -(CH2)NR*C(=OINRIR?, -(CH2)NRCEOYOR?, (CH)OC(=0)NRR?,
-(CH:23uC(=0)0R0, (CH2S(O)NRAR?, -{(CH2 INR2S(O)pNR2R?, -(CH2)aNRES(O
}pRC, Cq5 alkyl substituted with 0-3 R®, (CH2)n-Cs-6 carbocycelyl substituted with
0-3 B®, and -{CH2)jn-heterocyclyl substituted with 0-3 R,

RO is independently selected from H, -8{OpR., -CEORD, -C=0INRR?, -C(=0)0R?, -
S(O)NRRY, €5 alkvl substituted with 0-3 R®, (CHo)u-Ca-s carbocyelvl
substituted with 0-3 R®, and ~({CHz)w-heterocyely] substituted with 0-3 R®;

R7 is independently selected from H, Cy_5 alkyl substituted with 0-3 RS (CHz)u-Cs6
carbocyelvl substituted with 0-3 R, and ~(CHaje-heterocyelvl substituted with 0-3
Re

R¥ and R?® together with the nitrogen atom to which they are both attached form a
heterocyclic ning comprising carbon atoms and 0-3 additional heteroatoms
selected from N, NR® (3, and 8, and substituted with 0-5 RS,

RA at each occurrence, is independently selected from H, Ci6 alkyl substituted with 0-5
Re, Ca.6 alkenyl substituted with 0-5 R®, Co. alkynyl substituted with 0-35
Re, -(CH2 ) Cs-1ocarbocevelvl substituted with 0-5 R®, and ~(CHz)w-heterocyelyvl
substituted with 0-5 R®; or R? and R together with the nitrogen atom to which
they arc both attached form a heterocyclic ring substituted with 0-3 RS,

R®, at each occurrence, is independently selected from H, Cis alkyl substituted with 0-5
R®, Crs alkenyl sabstibuted with 0-3 R¢, Cos alkynyl substituted with 0-5
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-{CH2)u-Csarocarbocyclyl substituted with (-3 R, and -«(CH2)w-heterocyelyl
substituted with 0-5 R&;
RE, at each occurrence, is independently selected from Cios atky! substituted with 0-5 R®,

Corsalkenyl substituted with 0-5 R®, Crealkynyl substituted with 0-5 R®,

A

Csscarbocyelyl, and heterocyelyl;

R4, at each occurrence, is independently selected from H and Ciaalkyl substituted with
0-5 Re;

Re, at each occurrence, ts independently selected from Cis alkyl {optionally substituted
with halogen, OH, and UN), Cas alkenyl, Cog alkynyl, {(CH2}e-Cses

10 cveloatkyl, (CHz)a-Cas heterocvelyl, «{(CHa)waryl, ~(CHz)n-heteroarvl, F, L, Br,
CN, NO», =0, COoH, -(CH23:0Re, S(O}RT, C=OINRIRE, NRIC(=0)R,
S(OENRRE, NRIS(O)RE, NRICEOYOR!, OC(=ONRR and -(CHR)NRRY,

R at each occurrence, is independently selected from H, Cr-salkyl (optionally substituted

with halogen and OH), Ca6 cycloalkyl, and phenvl, or Rfand R together with the

[
(¥,

nitrogen atom to which they are both attached form a heterocychic ning optionally
substituted with Ci-salkyl;
n is independently sclected from zero, 1, 2, and 3;
1 1s mdependently sclected from 1 and 2; and
p, at each occurrence, is independently selected from zero, 1, and 2.
2. The compound according to claim 1, or a stereoisomer, an cnantiomer, a
diastereomer, a tautomer, or a pharmaceutically acceptable salt thereof, wherein:
nng A is independently selected from

R® RS R® R® R®

o o~ :( N= /N\' s—(
b e et L

(Rs)»] 4 (R3)1 3
—N N
K ! L L
25 02'2” %L' and 2
3. The compound according to claimm 2 having Formula (1)
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19

iy
or a stercoisomer, an ¢nantiomer, 3 diastereoiscmer, a tautomer, or a pharmaceutically
acceptable salt theroof, wherein:
ring B is independently selected from

FaSAVs FaAVN A

R, (R)14 (R4 (R
1 1 | \/E 14 | \/ /|/ /’\ﬁ
—(R")1., R,
(R)14 —( )14. _ _ . Q/N
SN
‘ (R")1.4
A
and "N

R} is independently selected from H, F, Cl, Br,
NGz, (CH230R®, «(CH)C(=0)IR®, -(CH)uNRIR?, «{(CH2)CN, «(CH2)C(=0INR
TRA (CH2)NR2C(=0NRO, Ci alkyl substituted with 0-3 R and Cs.6 cycloalkyl
substituted with 0-3 R
R?is independently selected from Cios alkyl substituted with 0-3 R®; 2.5 alkenyl, aryl
substituted with 0-3 R®, heterocyelvl substituted with 0-3 R®, and Cs- cveloalkyi;
provided when R2 is Ci-s alkyl, the carbon atom and the groups attached thereto
except the one attached to the pyrimidine ning may be replaced by O, N, and S;
R3 is independently selected from
{1} -(CRAR*WC(=0)Y0C 14 alkyl substituted with 0-5 RS,
{2) (CRIRHNRR®,
(3) (CRIBHCEOINRERS,
(4 (CRIRHNRAC(=0) Craalkyl substituted with 0-3 R¢,
(5) {CRRHYNRCEOHCRR YO qalkyl substituted with 0-3 RS,
(6) -(CRARH)-R,
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30

{73 (CR'R*»- OR, and
{(8) ~(CRIRHNRICE=ONCRIR R,

R4 is independently selected from H, F, Cl, NR*R?, OC, 4 alkyl, and C;_y alkyl; or R* and
R* together with the carbon atom to which they are both attached form Cas
cveloalkyl substituted with 0-5 R¢;

RY is independently selected from «(CHz)e-aryl, (CH2)a-Cy_g cyeloalkyl and ~(CHz)o-
heterocycle, each substituted with 0-3 RS;

RS is independently selected from H, F, CL, Br, -OR®, =0, «(CHzC(=()R", -
(CH)C(=0)OR, -(CH2)NR™®RE, ON, «(CH2)L(=0)NRRA, 4 alkyl
substituted with 0-3 RE, {({CH2)s-Cs-s carbocyelvl substituted with 0-3 R,
and ~{CHoje-heterocyclyi substituted with 0-3 RS,

R%a g independently selected from H, -S{O)R., -C(=0)R?, -C(=0INRR?, -C(=0)OR>, -
SOENRR?, € 5 alkyl substituted with 0-3 R®, (CHujo-Cs-6 carboeyelyl
substituted with 0-3 R®, and ~(CHz)e-heterocyelvl substituted with 0-3 R

R® and R? together with the nitrogen atom to which they are both attached form a
heterocyclic ring comprising carbon atoms and -3 additional heteroatoms
selected from N, NR%, O, and S, and substituted with -3 R,

R? at cach occurrence, is independently selected from H, Cis alkyl substituted with 0-5
R®, «CHa}n-Cs-10carbocyelyl substituted with 0-3 R®, and ~(CHajp-heterocyelyl
substituted with 0-3 R or R? and R? together with the nitrogen atom to which
they are both attached form a heterooyclic ring substituted with -5 R,

R®, at cach occurrence, is independently selected from H, Cie alky! substituted with -3
R®, Cie alkenyl substituted with 0-3 R®, Coe alkynyl substituted with 0-5
RE, -(CHa}w-Cs-1ocarbocyelyl substituted with 0-5 R®, and -{CHzj-heterocyelyl
substituted with 0-3 R

R®, at each occurrence, 1s independently selected from Cr-s alkyl {optionally substituted
with halogen, OH, and UN), Cos alkenyl, Cos alkynyl, «(CH2}-Cso6
cveloatkyl, {(CH)-Cas heteroovelvl, (CHa)graryl, (CH)p-heteroaryl, F, Ci, Br,
CN, NO2, =0, COoH, ~(CH230ORe, S(O)RY, C(=0)NRRE, NRIC(=0)R!,
S(ORNRRL NRIS(O)R!, NRICEOWOR!, OCE=OINRR and -(CH2)NRRE

RI, at each occurrence, is independently selected from H, Cr-salkyl (optionally substituted

with halogen and OH), Cs-s cycloalkyl, and phenyl.
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n s independently selected from zero, 1, 2, and 3;
r is independently selected from 1 and 2; and

p. at cach occurrence, 1s ndependently selected from zero, 1, and 2.

A
=

The compound according to claim 3 having Formuala (1H):

rZ N7 oH

R R
(R")q 4
(111)

or a stercoisomer, a tautomer, or a pharmaceutically acceptable salt thereof, wherein:
R} is independently selected from H, F, Cl, Br, OR®, CN, Cia alkyl, and Csscvcloalkyi;
10 Riaisindependently selected from F, C1, and C1. alkyl;
R2 is independently selected from C;_s alkyl optionally substituted with halogen and Cs-
scycloalkvl, C; 5 alkenyl, phenyl substituted with 0-3 R®, 6-membered heteroaryl
substituted with 0-3 R, Cq 4 cycloalkyl, {(CH2)140C1-zakkyvl, and -(CH2 )10
cveloalkyl;
15 R3isindependently selected from
{1} <(CRRHNCE0YOC 14 alkyl substituted with 0-5 RS,
(2) -{CRIRHNRRE,
(3) {(CRBHCEOINRIRS,
(4) -(CRARYHYNR*C(=0) Craalkyl substituted with 0-5 R,
20 (5) -(CRARHNRUC(=OWCRIRYOC  4atkyl substituted with -5 RS,
(6) -(CR'RH-R,
{7y -(CR*R*»~ OR’, and
{(8) ~(CRIRHNRICE=ONCRIR R,
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R4 is independently selected from H, F. Cl, NR?R?, OC, 4 alkyl, and C; 4 alkyl: or R* and
R* together with the carbon atom to which they are both attached form Cis
cycloalkyl substituted with 0-5 R®;

R is independently selected from ~(CHa)e-arvl, -(CH2)o-Cyg cycloalkyl and -(CHa)p-

A

heterocycle, each substituted with 0-3 RS,

RS is independently selected from H, F, CL, Br, -OR®, =0, (CH2)C(=OIRD, -
(CHLC(EOORY, (CHaNRZRE, ON, ~{(CH)C(=OINRIR?, € 4 alky]
substituted with 0-3 R, {(CH2)w-Css carbooycelyl substituted with 0-3 RE,
and ~(CHz)n-heterocyclyi substituted with 0-3 RS,

10 RO is independently selected from H, ~8{O}R., -C{=0)R®, -C(=0)NR?R?, -C(=0)}0OR", -

S(O)NRRY, €5 alkvl substituted with 0-3 R®, (CHo)s-Cs-5 carboeyelvl

substituted with 0-3 R®, and -(CHo)w-heterocyclyl substituted with 0-3 R,
R®and R® together with the nitrogen atom to which they are both attached form a

heterocyelic ring comprising carbon atoms and (-3 additional heteroators

15 selected from N, NR® O and 8, and substituted with 0-5 R,

R® at each occurrence, 18 independently selected from H, Cis alkyl substituted with (-3
RE, -(CHa}w-Cs-1ocarbocyelyl substituted with 0-5 R®, and -{CHzj-heterocyelyl
substituted with 0-5 R*; or R® and R* together with the nitrogen atom to which
they are both attached form a heterocyclic ring substituted with 0-5 R%

20 R® at each occurrence, is independently selected from H, Cis alkyl substitated with 0-5

R®, {1 alkenyl substibited with 0-5 R®, Cows alkynyl substituted with 0-5

RE, «{CH2)uw-Cs-1ocarboeyclvi substituted with 0-5 R®, and ~(CHzju-heterocvelyl

substituied with §-5 R

RE, at cach occurrence, is independently selected from Croe alkyl {optionally substituted

25 with F and (1), OH, OCHs, OCF;, -{(CHz}e-Croe cyeloalkyl, (CHopo-Cae
heterocyelyl, {(CHzn-arvi, CHzn-heteroaryl, F, CL Br, ON, NO», =0, COH,
r 18 independently selected from 1 and 2; and
n s independently selected from zero, 1, 2, and 3.
30 5. The compound accordimg to claim 4 or a stereoisomer, an cnantiomer, a

diastereomer, a tautomer, or a pharmaceuotically acceptable salt thergof, wherein:
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R} is independently selected from F, CL, Br, OH, OC1-4 alkyl, OCsscycloalkyl, CN, Cig
alkyl, and Cssoycloalkvi

R2 is independently selected from -CHCHCHLCHs, -CH2CHoCH(CH: )a,
CHCHCHRCFa, -CHz-cvelopropyl, -CHxCHz-cyelopropyl, CHoCH:CH=CHs,

A

phenvl (optionally substituted with F), pyridyl (optionally substituted with Ci-
salkyi}, Cq.5 oveloaltkyl, CHO(CHu j1-3CH, CHROCH{CHs ), and CH2O-
cyclopropyl;

R3 is independently selected from

(1} ~-CR*R*-R? and

10 (2) ~-CRRENRACEOHCRR R,

R4 is independently selected from H, F, CL, N(CHa)2, OCH:, and CHy; or R* and R?
together with the carbon atom to which they are both attached form cvclopropyl;

R is independently selected from

(R%0.3 (R%)03 (R%).3 (R%0.3 (R%0.3
O <t O O D
(R%).2
(R®)0.3 (R%%3 .S (R%0-2
7% NTX s S o/
=y =) \Q\ Y
15 N= , N= ) R® N ,
ITGa RG .555
(R%)o2 )o-2 (R”)o-2 O«
S N S s N
> <o / =N \
A Y Y \ﬁ’ A

- 144 -



WO 2017/106396 PCT/US2016/066750

(]

10

15

20

[¥aVAVAR [VaVAVAN [VaVaVal RSa
g /N o) N)\o N)\s N)\N
7N 7 X 7 7N
Ned "Rz N\ T R T (R% T (R%.
N
N— HN
R
7
7 (R%0 nd 7 (R%2

RS is independently selected from H, F. CL. Br, -OCHs, -OCFs, =0, CN, CHs, CFs -
(CHzhearvl, «(CH23u-Css cycloalkyl substituted with 0-3 R¢,
and -(CHo)p-heterocyclyl substituted with 0-3 RS,

R% is independently selected from H, CHs, arvl substituted with 0-3 R®, and heterocyclyl
substituted with 0-3 R

R, at each occurrence, 1s independently selected from H, Ci6 alkyl substituted with 0-35
Re, «{CH3e-Crocarboceyelyl substituted with 0-5 R®, and -(CHo)e-heterocyelvl
substituted with 0-5 R&;

R®, at cach occurrence, is independently selected from Ci alkyl {optionally substituted
with F and CI), OH, OCH;, OCFs, «(CHz)a-Caos cveloalkyl, {CH2)n-Cas
heterocyelvl, {(CHal-arvi, «(CHa)p-heteroaryl, F, C1, Br, CN, NOg, =0, CO:H;
and

n is independently selected from zero, 1, 2, and 3.

6. The compound according to claim 5 or a stereoisomer, an cnantiomer, a
diastercomer, a tautomer, or a pharmaceutically acceptable salt thereof, wherein:

R is independently selected from F, CI, Br, OH, OCH;, OCD:, OCHCH3, OCH(CH: ),
O-cvelopropyl, ON, and cyclopropyl;

RZ is independently selected from -CHyCHCHCH:, -CH2CHRCH(CHz):,
CHoCHCHoCFs, -CHa-evclopropyl, -CH2CHz-cyelopropyl, CHaCH2CH=CHa,
phenyl {optionally substituted with F), pyndyl {optionally substituted with C1-
zalkyl), cvelobutyl, cvelopentyl, CHhO(CH)1sCHs, CHOCH(CH:z ), and CH:O-
cyelopropyl;

R3 is independently selected from
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(1) ~CHo-R® and
(2) ~CH-NRAC(=0)R5;

RS is independently selected from

(R%0.3 ®ps 5 gz 5 &
é /__/\ 3 @N 5\<F\lj/ and [ 7 (R%
R ; , ang ;
5 R®is independently selected from H, F, C1, Br, -OCH;, -OCF3, CN, CHz, CF: -

(CH2)p~arvl, -{(CH2)s-Cas cycloalkyl substituted with (-3 R,
and -{CHon-heterocyclyl substituted with 0-3 RS,

R, at each occurrence, 1s independently selected from H, Ci6 alkyl substituted with 0-35
Re, «{CH3e-Crocarboceyelyl substituted with 0-5 R®, and -(CHo)e-heterocyelvl

10 substituted with 0-5 R&;

R®, at cach occurrence, is independently selected from Ci alkyl {optionally substituted
with F and C, OH, OCHs, OCFs, «(CH2)-Cso6 cycloalkyl, -(CH2)u-Cas
heterocyelvl, {(CHal-arvi, «(CHa)p-heteroaryl, F, C1, Br, CN, NOg, =0, CO:H;

and

[
(¥,

n is independently selected from zevo, 1, 2, and 3.

7. The compound according to claim 6, having Formula ($iia):

{(fiia)
20 or astercoisomer, an enantiomer, a diastercomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein:

Rlis independently selected from GCH;s and OCDs;
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T

R? is independenily selected from -CHCHCH2CH, -CHYCHCH{CH: )z,
CHYyCHCHCFs, -CHa-cvclopropyl, -CHyCHa-cyvelopropyl, cyclobutyl,
cvclopentyl, CH2O(CH2113CH:, and CH2OCH{(CHs)2;

R3 is independently selected from

(1) ~CHz-R% and
(2) ~CH-NHCEOR?,

R? is independently selected from

~¢o

6
(R%0-3 R%i3 s s /(R Jo-2
5 N s S
— ; — . N L and = “and

RS is independently selected from H, F, Cl, Br, -OCHz, -QCF:, CN, CHz, and CFs.

8. The compound according to claim 4 or a stereoisomer, an cnantiomer, a
diastereomer, a tautomer, or a pharmaceutically acceptable salt thereof, wherein:

R is independently selected from F, CI, Br, OH, OC1-4 alkyl, OCsscycloalkyl, CN, Cia
alkyl, and Cs.ecycloalkvi:

R2 is independently selected from -CHoCH2CHoCHs, -CHRCHoCH(CHs ),
CHCH:CH:CFs, -CHe~cvclopropyl, ~-CH:CHz-cvclopropyl, CHaCH2CH=CHa,
phenyl {optionally substituted with F), pynidyl {optionally substituted with Ci-
ralkyl), Cs5 cycloatkyl, CHaO(CH2)1:CHs, CH2OCH(CHs po, and CHXO-
cvelopropyl;

R3 is independentily selected from

(1) (CRIR)NRER® and
(23 -(CRAR*MC(=0OINRRY,

R4 is independently selected from H, F, C1, N(CHa), OCH;, and CHa; or R* and R*
together with the carbon atom to which they are both attached form Cas
cycloatkyl substituted with 0-3 R

RS is independently selected from H, F, CL, Br, -OCH:, -OCFs, =0, CN, CHs, CFs -
{(CHywearyl, (CH)u-Cas cycloalkyl substituted with 0-3 Re,
and ~{CHzn-heterocyclyi substituted with 0-3 RS
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R6a is independently selected from H, CHs, aryl substituted with 0-3 R®, and heterocyclyl
substituted with 0-3 R%;
R¥ and R?® together with the mitrogen atom to which they are both attached form a

heterocyclic ring sefected from

(R®. (R®. O» (R%. (R%.
/ 0-3 /\ 0-3 /\ 0-3 A 0-3
2-N ) 2-N o) 2-N 0 2-N N—RS?
S N~ NS 5
6 RGa
(R%03 S~

\/ . (é6)o-2

®)o- Q (R%o2
S’\N | | < ('R Jo-2 < (' 0
L U M N N@ N N@
0 (R®)o-1 . (R%0. , (R%o2 . , ,
5 /N\\ N g /N\
,S){ N/N\ ’S)q\ ~ N ~N N
= ‘ 7Y Y
(R®0.2 . (R%)o.2 , — — ~ and
5 S
=N
N
[ T R%2

10 R® at each occurrence, is independently selected from Ci6 alkyl (optionally substituted
with F and CI), OH, OCH;, OCFs, «(CHz)a-Caos cveloalkyl, {CH2)n-Cas
heterocyelvl, {(CHal-arvi, «(CHa)p-heteroaryl, F, C1, Br, CN, NOg, =0, CO:H;

r1s independently selected from 1 and 2; and

n is independently selected from zero, 1, 2, and 3.

i3
23 The compound according fo claim 8 or a stereoisomer, an enantiomer, a
diastercomer, a tautomer, or a pharmaceutically acceptable salt thereof, wherein:
R1is independently selected from OCHs and OCDs;
R? is independently selected from -CHCHCHLCH:, -CHCHLCH(CH: )2,
20 CH2CHCHRCF3, -CHe-cyclopropyl, -CH2CHo-cvelopropyl, CHRCHRCH=CHy,
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phenyl {optionally substituted with F), pynidyl {optionally substituted with Ci-
aatkyl), evelopentyl, CHaO(CH213CHs, CH2OCH{CHs):, and CH2O-cyclopropyl;
R3 is independently selected from
{13 -CH2-NR®R® and
{2} -CHr-C(=O)NRRY,
R® is independently selected from H, F, CL, Br, -OCH;3, -OCF3, =0, CN, CHs, CFz -
(CHo)w-aryl, ~(CH2)n-Css cycloalkyl substituted with 0-3 R®,
and -(CHajw-heterocyclyi substituted with 0-3 RS,
R¥and R® together with the nitrogen atom to which they are both attached form a

heterocyclic ring selected from

o 6 6 6
(R%03 O (R%)o-3 C (R%
)X )% SN
o-N. 0 N Y SN
n_/ , == . and :
Re, at each occurrence, ts independently selected from Cis alkyl {optionally substituted
with F and Ch, OH, OCHs, OCFs, -(CHa)u-Cass cycloalkyl, {CH2)eCas
heterocyelyl, {CHaaryl, «(CHaw-heteroaryl, F, Cl, Br, CN, NO», =0, CO:H;
and
n is independently selected from zero, 1, 2, and 3.

10.  The compound according to claim 2 having Formula (fV):

N
2 N OH

R

(V)

H
R'i

or a stereoisomer, an cnantiomer, a diastereomer, a tautomer, or a pharmaceuntically
acceptable salt thereof, wherein:

R is independently selected from F, CL Br, OR®, CN, Ci.s alkyl, and Cascycloalkyl;
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R? is independently selected from C;_s alkyl, optionally substituted with halogen and Ca-
scycloalkyl, €y 5 alkenyl, phenyl substituted with 0-3 R®, 6-membered heteroarvl
substituted with 0-3 R®, C4 ¢ cycloalkyl, CH2OCsalkyl, and CHzO-cycloalkyl:

R3 is independently selected from

(1} -CH2-R>,
(2 -CH-0OR’, and
(3) -CH: -NR*C(=0O)R5;

R4 is independently selected from H, F, Cl, NR*R?, OC,; 4 alkyl, and Cj 4 alkyl;

RS is independently selected from aryl, Cq ¢ cveloalkyl and heterocycle, each substituted
with 0-3 RS;

RO is independently selected from H, F, CL, Br, -ORP, =0, (CH)C(=0)R?, -
(CH2)C(=0)0R®, {(CH2)aNRZR?, ON, -(CH2)C(=0)NRIR?, Cqy altkyl
substituted with 0-3 R, {(CH2)w-Css carbooycelyl substituted with 0-3 RE,
and ~(CHz)n-heterocyclyi substituted with 0-3 RS,

R?, at each occurrence, 1s independently selected from H, Cis alkyl substituted with 0-3
substituted with 0-5 R% or R? and R? together with the nitrogen atom to which
they are both attached form a heterocvelic ring substituted with 0-3 RS

RY at each occurrence, is independently selected from H, Cis alkyl substituted with 0-5
Re, {26 alkenyl substibited with 0-5 R, Coos alkynyl substituted with 0-5
Re, «{CH2)wCs-1ocarboeyclvi substituted with 0-5 R®, and ~(CHa)w-heterocvelyl
substituted with 0-5 R&;

R®, at each occurrence, 18 independently selected from Cis alkyl {optionally substituted
with F and C1), OH, OCH;, OCF;, {CHz2}e-Csos cveloalkyl, {(CHn-Cas
heterocyelyl, {(CHo-arvi, ~(CHan-heteroaryl, F, Cl, Br, ON, NO», =0, CO:H;
and

n s independently selected from zero, 1, 2, and 3.

11, The compound according to claim 3 having Formula (V)
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LA

10

[
(¥,

R2 N OH
7
R ° (R")14
{V}

o1 a stereoisomer, an enantiomer, a diastereomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein:

ring B is independently selected from

Favava Favava Fa¥a¥al SV
(R"14 ‘ (R")14
’ 1 =z / /\/]
— R4 [ SR | |
. X cand X :

Rl is independently selected from H, F, CL, Br, OCi.4 alkyl, N, and Ci.4 alkyl;

R2 is independently selected from -CHoCH2CHoCHs, -CHRCHoCH(CHs ),
CHCH:CH:CFs, -CHe~cvclopropyl, ~-CH:CHz-cvclopropyl, CHaCH2CH=CHa,
phenyl {optionally substituted with F), pynidyl {optionally substituted with Ci-
ralkyl), Cs5 cycloatkyl, CHaO(CH2)1:CHs, CH2OCH(CHs po, and CHXO-
cvelopropyl;

R3 is independentily selected from

(1) - CHuR® and
(23 -CHhOR?;
R is independently selected from

N
&~¢"o

6
R%%: (R%%s (R

( — S s
é_@ g_\/ X;N 5\<‘ ] [ \\(Re)oz
— , — . N , and = s

R is independently selected from H, F, Cl, Br, -OCHs3, -OCFs, =0, CN, CHs, CF: -
{(CHywearyl, (CH)u-Cas cycloalkyl substituted with 0-3 Re,
and ~{CHzn-heterocyclyi substituted with 0-3 RS

R7 is independently selected from CHs, CHRCHs, CHaCH2CH:, CH(CHG)2, and
CH2OCHs;
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Re, at each occurrence, ts independently selected from Cis alkyl {optionally substituted
with halogen, OH, and UN), Cas alkylene, (CH2)w-Cas cycloalkyl, -(CH2)o-Cas
heterocyelyl, {CHawaryl, «{CHan-heteroaryl, F, €1, Br, CN, NOz, =0, and
COoH,

n is independently selected from zero, 1, 2, and 3.

12 The compound according to claim 11, or a siercoisomer, an enantiomer, a
diastereomer, a tautomer, or a pharmaceutically acceptable salt thereof, wherein:

ring B is independently selected from

Favaval A ST
(R4 ‘ (R")14
1 = / /\/
—(R")1.4 | U\‘
X cand X :

R is independently selected from H, F, CL, Br, OC14 alkyl, CN, and Cis alkyl;
R2 is independently selected from -CHCH>CHLCH:, -CH2CHRCH(CHs ),
CH2CH2CHuCFa, - CHoCHCH=CH,, CHoO(CH2}13CH3, and CH2OCH{CHz);
R3 is independently selected from
{1} - CHLR and
{2y -CHOR?;

RS is independently selected from

N<
&~

(R®0-3 iy s § g (R)o-2 \
é / /\ g_// AN 5\\\ j / N R6
\—/ and ] Rz

R® is independently selected from H, F, CL, Br, -OCH;, -OCFs3, =0, CN, CH;, and CF3;
R7 is independently selected from CHs, CHhCHs, CHCHCH:, CH(CHs), and
CH2OCH;; and;

n 1s independently selected from zero, 1, 2, and 3.

13. The compound according to claim 3 having Formula (Vi)
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(VD
or a stereoisomer, an enanttomer, a diastercomer, a tavtomer, or a pharmaceutically

acceptable salt thereof, wherein:

5 rng B is mdependently sclected from
FaVa¥s FAYACA
(R4 (R4
\/\ VA
| = | Z
and ;
R}is independently selected from H, F, Cl, Br, 0C14 alkyl, CN, and Ci4 alkyl;
R? is independently selected from -CH:CHCHLCH, -CHCHRCH(CHs ),
CH2CHoCHuCFs, -CHaz-cvelopropyl, -CH2CHa-cvclopropyl, cyclobutyl,
10 cvelopentyl, CHaO(CHz2)1-:CH;, and CHOCH({CHs ),
R? is independently selected from
{1y ~CH-R’ and
{(2) ~CHz-NHC (=R,
R? is independently selected from
., OO
(R%)0.3 R%%s 5 g SRz
AN IR s~ I
< _ \N__/ A\ ] R%o2
15 , \ N , and ; and

R¢ is independently selected from H, F, Cl, Br, -OCH;, -OCFz;, CN, CH3, and CFa.

14. A pharmaceutical composition, comprising a pharmaceutically acceptable
carrer and a compound according to any one of claims 1-13, or a stereoisomer, a

24 tautomer, or a pharmaceutically acceptable salt thereof.
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15, A method of treating cardiovascular diseases, comprising adnministering to
a patient in need there of a therapeutically effective amount of the pharmaceutical

composition according to claim 14.

16, The method according to claim 135 wherein said cardiovascular diseases
arg coronary heart disease, stroke, heart failure, systolic heart failure, diastolic heart
failure, diabetic heart fatlure, heart failure with preserved cjection fraction,
cardiomyopathy, myocardial infarction, left ventricular dysfunction, left ventricunlar
dysfunction after myocardial infarction, cardiac hypertrophy, myocardial remodeling,
myocardial remodeling after infarction or after cardiac surgery and valvular heart

diseases.
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